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I 

THE UNIVERSE IN WHICH WE LIVE 

Man Discovers the Solar System 

Astronomy is our oldest science. With little 
to do during the long dark evenings, it is not 
surprizing that thoughtful men should early 
have turned their attention to the study of the 
heavens. Particularly should this be expected 
>^en it is realized that the people of that early 
age were much more dependent upon the weather 
than are we to-day. All the bounties of nature 
proceeded from the heavens. The result was that 
altogether too much credit was given to the 
skies ; they were even credited with control of all 
our destinies. Thus astrology grew up along with 
astronomy, and has only recently been shaken 
off. 

The Chaldeans made a systematic study of 
astronomy as early as 4000 b. c., as evidenced' 
by old records. They even predicted eclipses. 
The records show that the Chinese were able to 

C 93 



OUTLINE OP SCIENCE 


determine equinoxes and solstices as early as 
1100 B. c. They had calculated the obliquity of 
the ecliptic and its diminution. The Greek phi- 
losophers from 600 b. c. to 300 B. c. taught that 
the stars shone from their own light, whereas the 
moon shone from reflected light. They even sug- 
gested that the earth was spherical and revolved 
around the sun. Hipparchus (150 b. c.) made a 
catalog of over a thousand stars, and dmded 
them into sis classes according to their bright- 
ness. With the decay of Greece, true astronomy 
slumbered until after the Eenaissance. The new 
astronomy was horn with Copernicus in 1500 
A. D., and was carried forward by the observa- 
tions of Tycho Brahe and the imagination and. 
brilliance of Kepler, who gave us an exact state- 
ment of the motion of the planets and afforded a 
predicting power to astronomers which could not 
pre^dously have been dreamed of. 

Their work feU into the hands of able suc- 
cessors. Galileo invented the telescope, intro- 
duced the pendulum for the exact measurement 
of time, and recognized the true nature of mo- 
tion and force. His experiments on falling bodies 
at the tower of Pisa constituted a greater step 
forward than had been taken for centuries pre- 
vious, or, one might add, than has been taken 
-since. Newton, about 1700, climaxed aU that had 
gone before in the pronouncement of his uni- 
versal law of gravitation. He pointed out, as it 
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■were, -wliat it -was that made the -wheels go 
around. This la-w reduced the motions of the 
heavenly bodies from an unfathomable mystery 
to a problem capable of exact calculation. The 
great mathematicians, Lagrange and Laplace, 
■working on Ne-wton’s theory, demonstrated the 
mechanical stability of the solar system. This 
^vas a great confirmation of Newton’s work. A 
greater eame, however, in the work of Adams 
and La Verrier in the nineteenth century. In- 
vestigating the irregularities in the orbit of 
Uranus, they concluded that these could not be 
entirely due, as supposed, to Jupiter and Saturn. 
They were thus led to assert the existence of a 
hitherto undiscovered planet. They computed its 
exact orbit and its position in that orbit at the 
time. When telescopes examined the heavens for 
evidence of such a planet, it was found — an un- 
charted star of the eighth magnitude, not pre- 
viously observed. It was the planet Neptune. A 
great triumph for the Ne-wtonian theory ! 

Of late the astronomers have shifted their gaze 
from the solar system, the problems of which 
have been so thoroughly solved by such great 
minds as those mentioned above, and are inves- 
tigating the nebulae and the stars. We are now 
attempting to solve the problems of the urdve’rse.. 
We want to know how stars and solar systems 
have their birth. We want to know the extent 
and the shape of the universe. Our modem 
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astronomers are doing admirable tvork. Our 
daily press is constantly announcing new acbieve- 
ments. The new vistas that are opened up to 
human thought are astounding. Astronomy to- 
day is influencing our lives as much as it did in 
the pre-Christian era. 

Putting Stars in “Test Tubes’^ 

The materials of which the sun and stars are 
made are the same as those found upon the 
earth. If we consider the sun, which in fact is 
our nearest star, we can say that as many as 
fifty-eight of the ninety-two Imown elements 
have been definitely identified in the sun’s com- 
position. Hence we may expect to find that the- 
other stars are similarly composed, and while not 
so large a number have been found for these 
more distant heavenly bodies, they are doubtless 
there. It is quite unlikely that we shall ever 
be able to find aU the known elements in the 
stars. Some, as is the case on our earth, maj”- be 
present in quantities too small ever to make it 
a possible task. 

In identifjdng these distant elements the 
method of spectroscopy is used. We recognize 
them by the light which they emit. Newton first 
placed a glass prism in front of a beam of sun- 
light -and split it up into its component parts. 
This led to the extensive work of Fraunhofer, 
and later of Rowland, who definitely tabulated 
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tLe exact position in tlie snn’s spectrum of an 
enormous number of distinct colors. These colors 
are referred to technically as lines. The ex- 
tended Rowland table contains no less than 
21,835 of these, of which 12,835 have been defi- 
nitely identified as exactly like those which come 
from known earth-substances. The metals present 
in the sun in their order of abundance are mag- 
nesium, iron, silicon, sodium, potassium, and cal- 
cium, all of which are abundant on the earth. 
Those substances forming the greatest number oi 
spectral lines are iron, titanium, chromium, co- 
balt, nickel, and vanadium. Among the most re- 
cently identified elements are atomic carbon, 
nitrogen, oxygen, and sulfur. Astronomers and 
physicists are still at work on this problem and 
doubtless many more elements will be identified 
in the next few years. The stars are not com- 
posed of materials foreign to us. 

Stars vary in their distance from us from 
about twenty-five million million miles to a 
maximum of observable distance of five hundred 
million million miles. Their weight varies from 
as little as a millionth that of water per unit 
volume to a matter of several tons per cubic 
inch. Their diameters run from a few thousand 
miles across to several hundred times that of our 
sun, and their brightness varies from that of a 
flickering match to that of our most powerful 
electric arcs. 
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How can. the stars vary to such an extent in 
density if their materials are those of the earth ? 
We know of no material that even remotely 
approaches a value to be indicated in tons or 
even pounds per cubic inch. The explanation is 
based upon an interesting theory of the stars. 

The only factor which stays within compara- 
tively narrow limits for all stars is total mass. 
Here there is a variation of only a few hundred 
to one. Let us take this as our clew, for it has 
considerable significance. Temperature measure- 
ments of the stars, by means of sensitive elec- 
trical thermometers, show that they vary in tem- 
perature from 4000 degrees Fahrenheit to as 
much as 45,000 degrees. At such temperatures 
as exist at their centers it is obvious that all 
materials would become gaseous in nature. 
Ordinary hydrogen gas, at the temperature 
which exists in the interior of our stars, must 
travel at speeds easily approaching that of light. 
At these terrific speeds the atoms would be 
quickly broken up into their component parts, 
protons and electrons. These would be constantlj- 
bumping and recombining. We know that upon 
recombination the atom would emit radiation. 
Under star conditions these would be in the form 
of very short x-rays. As these started out from 
the center they would break up new atoms, and 
these, upon recombination, would again form 
radiation. This would be of slightlv longer wave- 
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lengtli then the first radiation, according to onr 
theory based upon earth observations. Thus, as 
"we go further toward the outside of the star, 
the radiations get longer and longer. It is the 
longest of those produced by the star which we 
are able to observe. The short waves are ab- 
sorbed in the interior. We receive only the heat 
and light waves. 

Will the Universe Completely Disappear? 

If such a process is going on, we should expect 
that the stars would rapidly cool off. But observa- 
tion has shown that they do not cool off with the 
rapidity which should be expected. This we now 
believe to be due to the possibility that the ma- 
terial of the star is itself being changed into 
radiant energy. This is not intended in tlie sense 
that coal is changed to radiant energy. Here the 
products of combustion could all be assembled 
and their combined weight would equal the orig- 
inal weight of the fuel. When matter is con- 
verted to energy in a star, the matter has been 
annihilated. 

Suppose we attempt to make a star in space 
by combining positive and negative particles, 
those building-bricks of which all matter is com- 
posed. One positive and one negative will make 
a hydrogen atom. But we cannot have a star of 
hydrogen alone. We must build up some of the 
heavier atoms. The next above hydrogen is 
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fielium. This has four negative and four positive 
particles in its make-up- Hydrogen has an atomic 
weight of 1.008. Helium has an atomic weight 
of 4. Yet helium has exactly four times the num- 
ber of particles contained in hydrogen. If we 
put four hydrogen atoms together it should make 
a helium, but it wiU not weigh four times a 
hydrogen atom. If a pound of hydrogen were 
made into helium we would have 0.992 pound of 
helium and the remaining 0.008 pound of matter 
would have disappeared as radiation. This 0.008 
pound of energy would be the equivalent of 
430 billion horse-power. Thus, as we build up 
elements, the mass is partly dissipated as energy, 
Einstein has given an equation of direct equiva- 
lence of mass and energy. Because of this inter- 
changeability, the eun will radiate for fifteen 
thousand billion years longer than it would if it 
were merely a cooling body. At the end of its 
life it wiU have completely disappeared. It will 
not be a cold body floating in space. 

The basis for this radiation theory is sup- 
ported by the small variation in total mass of 
stars, as already mentioned. Light exerts a small 
tho definite and measurable pressure. A body, 
placed near one of these very hot stars would at- 
tempt to fall, due to the gravitational attraction, 
and would be repelled by the light pressure. It 
Would take up a position of balance between 
these two and remain suspended in space. If a 
CIS] 
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star becomes too massive, tbe amount of radia- 
tion at its center -will be so great that tbe outer 
material "will be repelled from it. It might even 
breab up with explosive violence. If the star is 
small, it will quickly cool. Thus the narrow 
limits between which the total mass falls gives 
a clue to the nature of mass and radiation. The 
splitting up of the star Nova Pictoris early in 
1928 was ascribed by some astronomers as an ex- 
plosion due to radiation pressure. There was, of 
course, much difference of opinion on this. 

The fact that mass is continually changing to 
radiation would result in a complete annihila- 
tion of the universe if it were not elsewhere 
changing back to matter again. Experiments on 
cosmic rays indicate that this latter is occurring. 
Thus, if we do not ultimately have tliis uni- 
verse, it appears that we shall have another fully 
as good, where the evolution of man may still go 
on. Now that definite boundaries have been set 
to our universe, we may still speculate as to what 
is beyond these when our present universe and 
its changes have been fully charted. 

Astride 0. Light Bay to the End of Space 

If we look at the summer sky on a clear eve- 
ning, it has every appearance of a great dome 
studded with points of light of various bright- 
nesses. We cannot, with the eye, determine any- 
thing of their distances. Do the brighter ones 
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appear so merely because they are nearer, or 
are they actually brighter? We can, by the usual 
methods of triangulation, determine the distance 
of some of the nearer ones. The method is a 
familiar one to all surveyors. But when we at- 
tempt to measure the distance of the farther 
ones, this method fails. The angles involved be- 
come too small for measurement. It is at this 
point that we must fall back on the brightness 
of the star itself for a measure of its distance- 
from us. 

A star may appear bright either because it is 
near us or because of its intrinsic brightness. A 
bright star is a hot star. As temperature in- 
creases, brightness increases. A piece of iron, 
when heated, becomes at first duU, then cherry 
red, gradually becoming whiter, until at its hot- 
test we say it is white-hot. The same is true of a 
star. By measuring its degree of whiteness, so’ 
to speak, spectroscopically, we can thus teU- 
whether it is truly a hot, and therefore a bright 
star, or whether it appears so because it is near 
us. This method has been developed into one 
which gives us veiy exact knowledge of star dis- 
tances beyond that point where the method of 
triangulation is no longer of any value. By the • 
-use of these two methods we are able to map the 
universe. 

A survey of the sky by the naked eye will 
perhaps reveal in the neighborhood of six thou- 
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sand stars. We see only tlie nearer and brighter 
ones. By the aid of a telescope rre can increase 
this number to millions, for we can easily distin- 
guish stars less than one-millionth as bright as 
the brightest of those seen with the naked eye. 
Our best telescopes, when used with photo- 
graphic apparatus, bring this down to the ability 
to distinguish stars of one-hundred-millionth the 
brightness of those visible to the eye. With such 
instruments the universe has been largely 
charted. Let us see what we find. 

Borrowing a method of description used by 
Professor Walter S. Adams, of Mount Wilson 
Observatory, let us foUow the path taken by a 
light ray which begins its journey at our sun 
and travels outward with the usuM light veloc- 
ity of 186,000 miles per second. Such a light 
beam wiU pass our earth in about eight min- 
utes. It wiU travel a lonesome path after leav- 
ing our solar system until it reaches Alpha Cen- 
tauri, a dwarf star about as bright as the sun. 
This will be at the end of four years of travel. 
As it goes on, the ray wiU frequently meet with 
such stars as the one just named. They are scat- 
tered throughout space in every direction, but 
are too small and faint to be traced far with our 
telescopes. They are the local stops of our light . 
ray. The first express stop would be the great 
white star, Sirius. The time-table shows that this 
would be nine light-years distant from our. sun, 
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Calling only the express stops from here on, we 
find Vega, twenty-five years; Arcturus, forty 
years ; the cluster of the Hyades, 130 years ; the 
bright stars of the Pleiades and the belt of 
Orion, 500 to 600 light-years. Prom here on we 
are in unsettled country. The frequency of en- 
counter with stars becomes less and less. At the 
end of 20,000 light-years we reach the first 
globular star cluster if we are traveling in the 
direction of the Milky Way, or if at right-angles 
to this, we are then reaching the boundaries of 
our star system. At the end of 100,000 light- 
years the light ray wiU find itself at the bound- 
ary of our own galaxy, or star group. 

If it is our desire to proceed beyond this 
point, we shall next encounter certain star- 
clouds that are thought by some to have been 
broken off from our system of stars. Some of 
these that have been studied are from 100,000 to 
700,000 light-years away. At 860,000 light-years 
we encounter Messier 33, and at 900,000 lights 
years the Andromeda Nebula, which appear to be 
nothing short of galaxies. Such galaxies have 
been studied as far out as 50,000,000 light- 
years, the distance of Coma Berenices, which has 
been studied extensively by Dr. E. P. Hubble. 
If you are exhausted by the journey through 
space- at this rapid rate you will be pleased to 
know that you have now reached the boundary 
of our universe as far as it has been studied. 
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But is tliis tlie actual boundary, or are there, 
beyond this, other galaxies too distant for our 
present instruments to detect? Present theory 
would indicate that this is indeed the limit. Our 
universe appears to be curved, and, altho 
bounded, is infinite. It may be likened to a 
sphere. It has sharp boundaries, yet one travel- 
ing on it would never reach an end. 

This view is supported by the fact that the 
most distant stars are apparently leaving us at 
a rate of several thousand miles a second. Either 
they are actually doing this, or the light is reach- 
ing us — according to theory — after it has passed 
around the universe. The latter seems the more 
plausible theory. 

Beyond the limits of our universe we are never 
to see, provided it is thus bounded and curved. 
It will, accordingly, never be our privilege to 
know whether or not we are living in a universe 
or in a group of universes. This wiU be left to 
stir our imaginations long after we have dis- 
covered whether or not there is life on Mars. 

Einstein Says the Universe is Curved 

Suppose a stone is dropped from a moving 
train. To the man on the train observing it the 
stone appears to fall in a straight line. To “a 
man standing on the ground the stone unques- 
tionably travels a parabolic path to the earth. 
Both observers are right. The stone travels in a 
rPAl 
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straight line relative to the man on the train and 
a parabolic path relative to the man on the 
ground. All motion is relative. By a suitable sys- 
tem of coordinates all motions in the system of 
the stationary observer, no matter how compli- 
cated, could be changed over into the system of 
coordinates of the moving observer. In this way 
one could describe his observations to the other. 
These equations would be called the transforma- 
tion equations. There is no fixed system of co- 
ordinates in terms of which aU motion can be 
described. An observer off the earth would see 
occurrences on the earth in a wholly different 
way from the observer on the earth. Even the 
order of events might be reversed to the two 
observers. 

These two observers are not even able to agree 
on time. Suppose they both stop and adjust 
their clocks so that the pendulums are swinging 
together. Now the moving observer sets off away 
from his friend with the speed of light. At once 
both decide that the other’s clock has slowed 
down. The time between ticks will now be what 
it was before, plus the length of time required 
for the light to travel the distance which has 
been traveled by the clock since the last tick. 
If the moving observer turns around and ap- 
proaches the stationary one, then the other’s 
clock appears to each to be going faster than his 
own. He naturally believes his own to be correct, 
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altho the lack of agreement does not in reality 
exist. Neither clock has changed in the least. 
They onlj'- appear to have changed because of the 
relative motion. 

The impossibility of our knowing anything of 
our surroundings absolutely can be illustrated in 
numerous w'ays. Let us take a familiar example 
due to the mathematician, Poincare. Let us con- 
sider the plight of a group of individuals who 
can be assumed to live on a flat circular world 
whose temperature falls off as we go from the 
center toward the outer edge. Let us assume 
that all objects, including the residents of this 
world, contract in size with decreasing tempera- 
ture in the same manner. Now, as one of these 
individuals moves outward he and all his sur- 
roundings decrease in size ; his steps get shorter 
and shorter; he will never reach the edge. To 
him, his world appears infinite. To some one ob- 
serving from the outside, it is finite; but an 
inhabitant may never learn of the boundaries. 
If he attempts to measure his universe, his meas- 
uring rods shorten as he goes out, much as ours 
shorten when we attempt to measure ether-drag. 
Examples can also be given in which an infinite 
world appears finite to its inhabitants. 

Another factor which enters into relativity 
considerations is that of geometry. We are ac- 
customed to the statements in Euclidean geom- 
etry that a straight line is the shortest distance 
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between two points, that tbe three angles of a 
triangle equal 180 degrees. These are true for the 
geometry of a plane. If a straight line and a 
triangle were drawn on a sheet of paper they 
could be wrapped around a cylinder or around 
a cone without distortion. The so-called axioms 
of plane geometry would stiU be true. But try 
to wrap tbe drawing aronnd a sphere I This ean 
only be done if we have used some material 
capable of being stretched. In this ease we can 
fit the sphere closely, but the line and the tri- 
angle will have been distorted. If we now try to 
apply our laws of Euclidean geometry we shall 
arrive at peculiar results. We must accordingly 
revise our geometry. We must invent a spherical 
geometry. We might extend our systems of 
geometry to cover all sorts of cases. We might 
invent one that would apply to an egg-shaped 
object or even to a dumb-bell-shaped object. 
Such geometries become very complicated, but 
they are necessary to explain some of the re- 
sults to which the theory of relativity leads us. 

Plane geometry was invented by the Egj’^p- 
tians because of the necessity of annually resur- 
feying the fertile land of the Nile Valley due to 
the seasonal fioods. Plane geometry was aU that 
they needed, for altho the earth was round, their 
measurements were on too small a scale to permit 
the detection of its sphericity by the surveying 
methods used. Had they measured over a sufS- 
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cient distance, however, they would have discov- 
ered errors in their work. These they might have 
attributed wholly to accidental errors character- 
istic of their methods, or they might have inter- 
preted them as due to the earth’s sphericity. 
They probably did not measure over distances, 
however, which led them into this difficulty. In 
much the same way we have never thought of the 
universe as curved. Exact measurements of 
which our modern astronomical instruments are 
capable have recently shown that stars near the 
edge of our universe appear to be traveling away 
from us with velocities of several thousand miles 
a second. It is necessary, because of this, that 
we either believe that we are the center of a 
great explosion or that space itself is curved. 
The latter seems to be the more reasonable as- 
sumption. We have for the first time made those 
measurements on the universe which the Egyp- 
tians might have made on the earth. 

• The theory of relativity leads us also to th3 
conclusion that light itself has mass. If this is 
■ so, a beam of light passing near a very heavy 
object should fall toward it. This has been tested 
over and over again with beams of light from 
stars which pass close to the sun on their way to 
the earth. Because of the brilliance of the sun, 

• this can be done only during an eclipse, when 
the light of the sun is obscured and the stars in 
its direction shine out clearly for a short time. 
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AH measurements of this effect so far taken tend 
to confirm the theory, altho, because of the difS- 
culty of making the measurements (there are 
many factors which enter to confuse the ob- 
server), it is still felt by many that additional 
data must be obtained before the theory can be 
accepted as a certainty. 

The Long Arm of Astronomy Beaches Further 

The era recently past has been marked, in as- 
tronomy, by the building and planning of in- 
struments of much greater light-gathering capac- 
ity than have hitherto been used. Of these the 
sixty-inch reflector for the Harvard Observatory, 
Southern Branch, and the seventy-inch reflector 
built by the Bureau of Standards for Ohio "Wes- 
leyan University, are among the more notable. 
The two-hundred-inch quartz reflector to be built 
for Mount "Wilson will, of course, eclipse both of 
these giants and start a new chapter in the his- 
tory of astronomy. 

The necessity for such instruments, if astron- 
omy is to advance, is obvious. At the present 
time astronomers are working at the utmost 
limits of the accuracy of their instruments. 
Only a few of the nearer nebulte axe at present 
subject to study, and the more distant ones 
show no detail at all. They appear merety as 
ster-like images. For spectroscopic study they 
require exposure-times of as much as one hun- 
1261 



THE UNIVERSE IN WHICH WE LIVE 

dred hours. The difficulty of making such long 
exposures is obvious; not every night is suit- 
able for the observations. 

What the 200-inch reflector will do for astron- 
omy cannot be briefly described in more suitable 
words than those of Professor Walter S. Adams, 
of Mount Wilson Observatory, where the instru- 
ment is to be erected. Professor Adams writes 
as follows: 

“The design of this huge instrument is being 
studied from the outset vrith a view to providing 
the greatest possible light-gathering power and 
efficiency to aid in the discovery and investiga- 
tion of nebulffi and faint stars, the analysis ot 
their light by the spectroscope, and the exten- 
sion of the limits of space beyond those which 
can be attained with existing telescopes. The 
provisional design, to which much thought has 
been given during recent months, provides for a 
comparatively short focal length, about 3.3 times 
the aperture of the large mirror, to give great 
concentration of light, a fused quartz mirror to 
insure the quality of the images under varying 
conditions of temperature, and auxiliary mirrors 
to increase the effective focal length for such 
investigations as require higher magnifying 
power. Such a telescope would have a length of 
approximately sixty feet, a tube more than 
twenty feet in diameter, and a total weight' of 
over 450 tons. The mirror itself, about three feet 
r,27:] 
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in thickness, would weigh nearly thirty tons. The 
problems connected with the design and con- 
struction of this great instrument are such as 
to require the collective judgment of the most 
experienced engineers and instrument designers 
of the world. Similarly in the plans for its op- 
eration and the selection of the most funda- 
mental problems for investigation, a very liberal 
attitude is being maintained by the trustees of 
the project to the end that its great possibilities 
may be utilized by astronomers in every field of 
research to which it can make notable contribu- 
tions. 

‘ ‘ On the basis of the performance of existing 
telescopes it is reasonable to conclude that the 
200-inch reflector will multiply by a factor of 
perhaps eight the million or so nebulae which we 
now know to exist. By about the same factor it 
will increase the number which can be studied 
in detail by the aid of variable stars and other 
recognized standards for measuring great dis- 
tances. Stars of about one-tenth the light of the 
faintest stars we can at present see upon our 
photographic plates should appear on negatives 
taken with this instrument, and star-counts made 
from such records will amplify and improve 
greatly our knowledge of the structure and ex- 
tent of our stellar system. What new methods 
for the study of the universes of stars may be 
developed through the immense light-gathering 
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power of the 200-mch telescope we cannot fore- 
see, but from its use even with existing methods 
we can feel assured of discoveries of the highest 
value, ranging from the faint dwarf stars near- 
est to us to nebulae whose distances approach 
comparison with the radius of our world of space 
and time. ’ ' 



II 

CELESTIAL PHENOMENA 

Celestial Vagabonds 

The comet is often considered as the most awe- 
inspiring spectacle presented to man’s gaze. 
Certainly, of the astronomical phenomena that 
we are privileged to observe, it takes ranlc with 
the total eclipse. Many of us still remember the 
last visit of the magnificent Halley’s comet. Its 
long brilliant tail sweeping across the. sky was 
an impressive sight. Small wonder that the an- 
cients feu on their knees before their gods and 
prayed to he delivered from the impending 
calamity which the comet’s appearance was 
thought to foreteU. 

Nowadays we can view a comet with somewhat 
greater calm, and speculate upon its cause and 
place of birth. Do these comets come to us from 
interstellar space ? Are they mere casual visitors 
to our solar system, which appear century after 
century with the regularity of cosmic mailmen ? 
This is the view frequently held. There is much 
to support the belief that they are, however, a 
part of our own solar system. They belong to us. 

Against this suggestion is the obvious fact 
that they could not have been associated with 
the solar system from its beginning. No comet - 
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could have survived for 10,000,000,000 years, the 
estimated age of the solar system. If they are 
members of the solar system they must have been 
adopted since its beginning. They must have 
been adopted not more than 1,000,000 years ago 
to be in the stage of development in which we 
find them to-day. By mathematical reasoning, 
P. Nolke has arrived at the figures 50,000 to 
100,000 years as their probable age. 

But there are other bits of evidence which help 
us to place the age and source of these celestial 
visitors. There is an absence of meteors in the 
earth strata below 1,000,000 years. There is a 
close kinship between meteors and comets; they 
are both stray members of interstellar space. 
Bach may be responsible for the building up of 
the other. They differ chiefly in size. The ab- 
sence of meteors in the early geologic formations 
has been given by some as a reason for belief in 
the theory that comets were originated by be- 
ing thrown off from the earth’s crust. It is 
equally a support of the capture theory. 

The earth is moving at a rate of twenty 
kilometers per second. In 15,000 years it travels 
as far as light travels in a single year. It is mov- 
ing in a direction away from the constellation 
Orion. A million years ago it must have been in 
the neighborhood of Orion, where it is suspected 
that there are large quantities of meteoric dust. 
It seems quite probable that it was here that 
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tlie earth acquired its comets. It has been sug- 
gested that the interposition of meteoric dust 
between the sun and earth accounts also for our 
glacial age, 

AU our comets are headed toward the same 
fate. They are becoming mere meteors. Their 
tails are becoming less and less bright. Even- 
tually they shall have completed their life span. 
There is insufficient meteoric material to form 
new comets in the present position of the earth. 
No new comets are appearing. It has also been 
suggested that our asteroids, small comets of the 
solar system, are in fact dead comets. 

It has been suggested by some, notably Sir 
William Herschel, that the comets might gather 
material in the form of meteors when far from 
the sun, thus adding to their mass. Evidence 
shows, however, that this is not likely to be true. 
They are becoming less and less impressive. They 
apparently are not the sky-brooms they were 
once thought to be. The fact that they are all of 
the same material indicates a similar origin for 
all, and likewise offers evidence against the ac- 
quisition of new material from the heavens. 

Our Celestial Coal-Pile 

It requires only that one be weU away from 
city lights on almost any night of the year to see 
what are called falling or shooting stars. Espe- 
cially after midnight one should be able to see, 
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on a clear night, as many as six or eight of these 
in an hour. These so-called falling stars are, in 
fact, meteors. They vary in size from small dust 
specks up to several tons. It is estimated that 
the earth encounters thousands of millions of 
such meteors each day, and that the sun en- 
counters as many as a trillion per second. 

Meteors are composed for the most part of 
such elements as silicon, oxygen, iron, and mag- 
nesium. Comet tails which contain many small 
meteors show evidence of containing carbon, hy- 
drogen, and nitrogen, as well as cyanogen gas. 
Owing to the extremely high temperatures of 
the hot stars it is quite impossible that they 
should contain such substances as iron, magne- 
sium, and cyanogen. Yet there is sufScient evi- 
dence in the absorption spectrum of the outer 
layers to assure us that these materials are pres- 
ent in very small quantities. The same is true of 
the sun. This suggests that interstellar space is 
infested with them, and that they are falling 
into the distant stars. It is the only way to ac- 
count for the presence of these meteoric mate- 
rials, which cannot long exist at hot-star tem- 
peratures, in these stars. Thus, altho we can 
actually observe meteors only when they are ren- 
dered white-hot by friction with the earth’s outer 
atmosphere, we can be quite certain that they 
are colliding with the stars and the sun just as 
they are with the earth. 
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It raigM be argued that these materials are 
in the outer atmosphere of the sun and stars 
in an atomic and molecular state. If they were 
thus present as gases it is impossible to imagine 
them falling into the stars. They would be re- 
pelled by the pressure of the stars’ light. As 
solid meteors, however, the situation is very dif- 
ferent ; they should fall into the stars with enor- 
mous velocities. It is estimated that meteors 
should fall into the sun with the stupendous 
speed of 400 miles a second. For the larger stars, 
velocities as great as 1,000 miles a second would 
be reached. 

This constant bombardment of tlie sun and 
stars by meteors may constitute a celestial coal- 
pile that will prolong the life of the universe 
for many millions of years. This comforting 
thought is given to us by Dr. Harlow Shapley. 
According to the modem theory, already ex- 
plained, the universe is gradually running down 
because of the transmutation of matter into 
energy. Computation shows that the sun is los- 
ing no less than 4,200,000 tons of its mass per 
second. This loss of mass wiU prolong the life 
of the solar system for many years beyond that 
which it would have if it were merely a cooling 
body. Now, with the sun collecting meteors at 
the rate of a trillion per second, we find that we 
have part of tliis loss made up. It is even pos- 
sible, if the sun in its progress through space 
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should he fortunate enough to encounter a re- 
gion in Tvhich the number of meteors was espe- 
cially large, that it would gain in size. In other 
words, the coal bin of our solar system would 
he replenished for another few billions of years. 
That the sun might pass thi’ough such a region is 
quite conceivable. There is e^^dence to show that 
the system actually was in just such a region, 
in the neighborhood of Orion, about a million 
years ago. 

Probably, by means of meteors and by the re- 
building of atoms from radiation, as evidenced 
from a study of cosmic rays, the running down 
of the universe may be delayed for an almost 
endless time. 

The Moon an Earth CMld 

According to generally accepted theory, the 
moon was at one time a part of our earth, and, 
owing to some major distimbance, was disrupted 
from it. Having been thrown off, it has con- 
tinued to revolve around the earth, held by the 
centripetal force. That this force will some day 
bring it back to the earth has been suggested, 
with good reason, by Sir Oliver Lodge. It may 
appear contradictory that once having been 
thrown off it should ever return. "We must re- 
member that conditions have greatly changed 
since that time, however. When the moon was 
bom there is evidence to show that the earth 
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revolved at tlie rate of once in five hours, instead 
of twenty-four, as now. The moon, revolving 
around the earth and held by the centripetal 
force, is like a great ball being revolved at the 
end of an elastic cord. At high speed it will 
stretch the cord, but as its energy is gradually 
used up it will come closer and closer to the 
hand, and eventually fall into it. The moon’s 
energy is being slowly dissipated. This dissipa- 
tion is taking place in our daily tides, for ex- 
ample. Thus, as the moon's energy disappears, 
it will slowly approach and eventually reach the 
earth. Eather an unwelcome visitor! 

If the moon is a child of the earth, certainly 
it does not resemble its parent. This is, in part, 
due to the difference in size. Because of this the 
gravitational attraction on the moon is only 
about one-sixth that on the earth. Even the most 
anemic person, if placed upon the moon, could 
perform marvelous feats, other conditions than 
gravity being the same. He could carry a load 
that would weigh half a ton here. He could jump 
six times as high as his earth record. 

But all this glory will never come to such an 
individual. The moon has practically no atmos- 
phere as compared with ours. He would find 
practically nothing to breathe. This is because 
the gravitational attraction is too small to hold 
an atmosphere. Here, in turn, enter other diffi- 
culties. The atmosphere acts as a great blanket 
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to protect us from extremes of heat and cold. 
When the sun "was shining on the moon-dweller 
he would find the heat great enough to boil 
water in the open. When the sun was not shin- 
ing he would experience a cold such as is im- 
possible of conception on the earth. And since 
the moon revolves but once in twenty-eight days, 
he would have sunshine for fourteen days and 
darkness for an equeil period. 

Whether or not there is water on the moon is 
a question. Some have held that the moon is 
encased in a great ice shell ; others claim to have 
detected snow in some of the craters. If water 
is present, it is doubtless frozen. 

The cause of the moon’s familiar craters is 
still unkno'wn. One theory is that they are due 
to bombardment by meteors. This seems most 
unlikely, however, for the earth is also subject 
to such bombardment and we find but one crater, 
in Arizona, which resembles those on the moon. 
This one, if on the moon, would be too small for 
us to see. Those on the moon are as much as five 
hundred miles across, and are about ten miles 
deep. It seems more Ukely that they have been 
caused by some eruption remotely resembling 
one of our volcanic disturbances. The variation 
in temperature between the upper sunny por- 
tions of tlie crater’s edge and the lower shaded 
portions is enormous. The material of the moon, 
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judging from temperature changes observed, ap- 
pears to be much like that of our volcanic asb. 

In ancient times tbe belief existed that tbe 
moon bad a profound effect upon mankind. In- 
sane people were tbougbt to bave been affected 
by tbe moon. They were called lunatics. Of late 
our artificial lights bave made us less dependent 
upon tbe moon, and we have largely dismissed 
it from our thoughts. We are now coming to 
believe, however, that it has more effect upon 
us than we bave recently supposed. It will be 
more important to us in tbe future. Doubtless 
tbe tides wiU eventually be harnessed for power 
purposes. Plant growth, once tbougbt to be af- 
fected by tbe moon, has in fact been found to be 
so to some extent. This is because tbe light from 
tbe moon is largely polarized. It has a tendency 
to vibrate all in one direction instead of hap- 
hazardly. A close study has shown tbe moon to 
bave an effect upon animal life as well, particu- 
larly upon reproduction. We may yet find some 
of tlie old traditions of our forefathers, lately 
scouted, put upon a firm scientific basis. 

Can a Light Bag Bend? 

There is nothing mystical about an eclipse. 
Tbe moon merely gets between tbe earth and tlie 
sun, and obscures tbe sun’s light. The effect is, 
however, tbriUing, and it is not surprizing that 
tbe uneducated people of a few centuries ago 
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•n'ere terrified. To see the stars appearing in the 
middle of the day, to see the fowl go to roost, 
to see the wild birds circling in confusion, is a 
sight long to be remembered. As the wave or 
ripple-like shadows chase over the ground, and 
one experiences the sudden chill that comes with 
a slight tho rapid decrease in temperature, one 
o.annot resist a feeling of awe. If one is located so 
as to see the edge of the shadow approach at ex- 
press-train speed, the sight is even more inspir- 
ing. Then, after all is darkness, to see the sun 
suddenly burst out from the moon’s edge in a 
wealth of splendor, makes one to feel in oneself 
something of the sun’s triumph over its brief 
eclipse by the moon. 

To the astronomer an eclipse offers an oppor- 
tunity to study many things not ordinarily af- 
forded him. He travels to a far comer of the 
earth and spends months preparing his appara- 
tus and rehearsing over and over again the meas- 
urements he is to take. As only a few brief min- 
utes are afforded for the work when the time 
comes, any error is costly. That particular eclipse 
will never occur again, and every scrap of data 
is valuable. 

One of the things of major interest is the sun’s 
corona. This is composed of luminous gases and 
extends out from the sun’s surface for several 
hundred miles. Normally these gases are impossi- 
ble of study because of the brightness of the 
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sun’s disc adjacent to them. An eclipse offers an 
opportunity to study them mthout this handi- 
cap. Of recent years much interest has been cen- 
tered upon the confirmation of Einstein’s theory 
that light has mass. If this is so, the light from 
stars which must pass close to the sun on its 
journey to the earth should be bent toward' the 
sun. Light from such stars, of course, cannot be 
seen when the sun is not obscured by the moon; 
but during an eclipse they stand out clearly. 
Ad. the e-v^idence so far collected points to the 
correctness of Einstein’s theory, but there are 
so many factors which might produce a confus- 
ing effect, such as refraction of the light by our 
o'wn atmosphere, that the conclusions are not 
accepted by all. Further data are desired. 

The cause of the wave shadows that race across 
the earth during an eclipse is now understood. 
The shadows are produced by the changing tem- 
perature of the atmosphere, O'vdng to the obscur- 
ing of the sun. Such temperature changes cause 
refraction, a bending of the light path, which 
produces the shadows. 

The rate at which the sun’s corona changes its 
shape is still an unsolved problem. So far, no two 
eclipse stations have been far enough apart to 
note this change and to measure the time re- 
quired for it to take place. Of course, it changes 
from one eclipse to another, hut these happen 
years apart. During recent eclipses attempts 
t:40 3 



CELESTIAL PHENOMENA 


have been made to measure this change, but mth- 
out success. One or other of the stations usually 
experiences cloudy conditions. Doubtless in fu- 
ture eclipses more definite knowledge will be 
obtained regarding this particular phenomenon. 

Man Marks Time 

The exact measurement of time is the business 
of the astronomer. It is he who keeps our clocks 
correctly timed. "Without him we might easily 
wander far from the correct values. In the early 
days of civilmation the passing of time was 
marked bj’’ observations on the moon. The rising 
or setting of the sun one day was very much 
like that of another, but the moon’s phases were 
easily recognized. Time was recorded, as a rule, 
by some simple method, as cutting notches in a 
stick. This was so in Egypt, in China, in Assyria, 
and with the American Indian. In the second 
stage of the development of the calendar, count- 
ing stages of five moons was developed. This 
was because the medium of trade and exchange 
was largely sheep and goats, and five months is 
their breeding period. As this wandered from 
sjmchronism with the seasons, the counting of 
six moons soon resulted — six for summer and six 
for winter. This coincided roughly with the year 
as marked by the sun. 

The building of pyramids and obelisks, some 
writers believe, was due to a desire to measure 
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the year more accurately. Kno'wiedg-e o£ the 
times and causes of the changing seasons cer- 
tainly was a large factor in the superior agricul- 
tural position of the Egyptians, and the calendar 
thus determined was earefuUy guarded. Only the 
priests understood the measurement of the pas- 
sage of time. It was they who announced the 
holidays, days of planting, and so on. In this 
way the farmers were not fooled by a few warm 
days into too early planting, neither did a back- 
ward spring mean that their crops were ruined 
at the end of the season. Among the Egyptians, 
not one person in 100,000 was ever allowed to see 
the calendar records. This jealously guarded, 
knowledge gave Egypt an advantage over less 
informed nations. 

The observations in Egypt were gradually re- 
placed by more exact observations on the stars. 
Eventually a calendar was adopted having 
twelve months of thirty days each. The extra 
days of the year were devoted to a holiday 
period. 

The conquest of Egypt by Julius Cffisar led to 
the adoption of a modified form of this calendar 
by the Romans. Alternate months were given an 
extra day to make thirty-one, except February, 
This month, which ended the year, had but. 
twenty-nine days. This, while not as desirable as 
the Egyptian system, was a great advance for 
the Romans ; for at that time their calendar was 
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three monies off TOtli the seasons, due to the 
falsification, of records by politicians for the pur- 
pose of prolonging' their terms of office. 

Augustus Cffisar further spoiled this calendar 
by renaming Sextiles in his own honor and 
selfishly extending its length to equal that of the 
longest month — thirty-one days. A day was 
taken from February, thereby spoiling the quar- 
terly system. It left the first quarter with ninety 
days and the third with ninety-three. This led to 
considerable juggling of the calendar. A day was 
taken from September and given to October. 
Then one was taken from November and given to 
December. Thus arose our awkward months, 
which are supposed by many to be as sacred as 
if handed to us by divine authority. 

About three hundred and fifty years later the 
seven-day week was introduced, and the days 
were named for tlie first time. Up to 1582 the 
calendar was based on a year of exactly 365.25 
days. At this time it was found that the accu- 
mulated error amounted to ten days. These were 
dropped between October 5 and 15 of that year, 
and our present leap-year rule adopted. The 
Protestant parts of Europe did not drop these 
days until 1752, when Great Britain and Ireland 
dropped eleven days in September. The Greek 
calendar, differing from ours by thirteen days, 
was used in some parts of the world up to 1919. 

Our present calendar is indeed an awkward 
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affair. Neither its months nor its quarters are 
equal. Anniversaries, interest dates, and so on, 
fall on different das^ each year. The varying 
length of the months is perhaps the most an- 
noying factor, however. There is a differenee of 
eleven per cent, in the lengths of February and 
March, and a difference in the number of work- 
ing days of 19 per cent. This leads to consider- 
able difficulty in accounting, in comparison of 
month-to-month statistics. Especially does this 
raise difficulties for corporations that have most 
of their business falling on certain days of the 
week, as on week-ends, for example. Some months 
have five Saturdays, others have only four. This 
is decidedly awkward for concerns which pay 
their employees weekly and conduct their own 
finances on a monthly basis. All these things 
lead to heavy accounting expenses. There is a 
constant cost in providing new calendars and a 
loss of time in consulting them. 

Because of these objections there has been agi- 
tation for calendar reform. It has been suggested 
that each quarter consist of two months of thirty 
days each, and one of thirty-one. Another sug- 
gestion has been that each quarter consist of 
three months of thirty days each, the extra day 
being undesiguated and used as a holiday. A 
third suggestion would give us two months of 
four weeks and one of five weeks each quarter. 
The last and most favored suggestion is that the 
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year be divided into thirteen months of twenty- 
eight, days each, a month to be called Sol being 
inserted between June and July. This would 
leave an extra day each year, which, it is sug- 
gested, would be called Year Day and have no 
designation other than that of the year. It would 
follow December, except in leap year, when it 
would follow June. This calendar, due to Moses 
B. Cotsworth, is known as the Cotsworth cal- 
endar. It is the calendar favored by the Na- 
tional Committee on Calendar Reform, and wiU 
probably be this nation’s recommendation to the 
League of Nations Committee. The most suitable 
year to adopt this calendar would be 1933, the 
next year to begin on a Sunday. 
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THIS EARTH OF OURS 

The Sun’s Children Are Born 

Where did the earth come from? What •was 
its origin.? How long is it likely to he here? All 
perfectly natural questions for the person to 
whom the answers may mean life or death. In 
the past we have had many theories as to the 
birth of this earth upon which we find our- 
selves, and many of them were extremely fan- 
tastic and imaginative — a fact not at all to he 
wondered at. As science advanced, such theories 
as the fall-from-infinity and the planetary-ring 
hypothesis were advanced. Then there were th« 
theories of a star collision with the sun, and the 
nebular hypothesis. The latter was common in 
■our school-books of the early twentieth century. 
Most of these theories have now been pretty 
well discarded, and while there are those who do 
not agree with the planetesimal theory as ad- 
vanced by the late Thomas Chrowder Chamber- 
lin, who was for many years head of the Depart- 
ment of Geology of the University of Chicago, 
it nevertheless has a sufficiently "wide acceptance 
to justify its appearance here. 

According to this theory, the planets are the 
offspring of the sun, their other parent ha-ving 
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beea a star wliich, tlirougli chance, came into the 
gravitational field of the sun, and which is now, 
in all likelihood, cold and existent only among 
star wastage. This parent star did not form the 
planets by directly hitting the sun; but, being 
near the sun, it had the effect of drawing out 
from its molten surface in cone-like protuber- 
ances that material which was to form the plan- 
ets. The actual birth of the planets was due to 
the propulsory power of the sun throngh erup- 
tions, light push, radiation, magnetism, and elec- 
trical discharge — ^forces almost equaling its 
gravitational attraction — and the combined 
repellancy and attraction of other stars. 

According to* our latest knowledge of the dy- 
namics of such occurrences, the cones pulled out 
from the sun would each result in a double ex- 
plosion. A large mass would shoot out toward 
the star, and a smaller mass would shoot out 
from the opposite side of the star and travel in 
the opposite direction. Pour such double explo- 
sions would form the four major and the four 
minor planets. Not having enough energy to 
pnll these masses into itself, the star appears to 
have had sufiScient to set them in motion on a 
near-circle around the sun. Dynamics also tells 
us that these planet bolts shot off the sun would 
emerge with a spiral and vortical whirl, which 
would later assist them in gathering around a 
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solid core, (The center of the earth is now be- 
lieved to be solid, not molten, as long supposed.) 

Without the passing star, the formation of 
planets from eruption of the sun would have 
been impossible. Normally, material shot off 
from the sun would be dispersed and would even- 
tually fall back into the sun again. The star 
gave the erupted material great mass and a 
spiral motion, which made the formation of 
planets possible. The birth of planets such as 
ours can thus be the result only of the rarest 
kind of accident. It is estimated that the clos« 
approach of a star, such as seems to have oc- 
curred in this ease, can take place on the aver- 
age only once in a quadrillion* years. On this 
basis another similar close approach, which 
might destroy our earth, is not due for an in- 
conceivably long time. At the present time none 
of the stars seem to be headed in our direction. 
Our race will perhaps be wiped out by other cir- 
cumstances long before this will occur. • 

The satellites are explained on this theory as 
offshots from the main bolt of matter shot out 
on each explosion. They are thought to be due 
partly to separate eddies or whirls on tlie outside 
of the molten planetary material, which were 
separated from it by the dra^, and partly to 
secondary eruptions from the main mass. They 
succeeded in getting far enough from it to form 
their own cores, hut not far enough to escape 
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from the gravitational field. They were thus 
held revolvmg around it. Abandoning the old 
theory that the moon presents only one face to 
the earth because of tidal influence, the new 
theory holds that this is because the moon is not 
symmetrical, but is heavier on one side than on 
the other. Gravitational attraction accounts, 
then, for this heavy side being always toward 
the earth. The same explanation is given for 
the similar behavior of Mercury and Venus, 
which always present the same side toward the 
sun. The strange behavior of some of the satel- 
lites of Jupiter and Satnrn, which revolve 
around their planets in a direction retrograde 
to that of all others, is accounted for on the 
theory that their direction was reversed by a 
coUision with the central mass. Failure of the 
nebular theory to explain this was its undoing. 

“Nothing whatever has been foimd in the rec- 
ord to imply that the birth of the earth was a 
feature of the absolute beginning of the nni- 
v’^erse,” says Professor Chamberlin. “The in- 
quiry has led to the impression that the crea- 
tion of our planetary sj’stem was but an inci- 
dent in the history of our sun, while even the 
genesis of the sun might not improbably be but 
an incident in the history of our steUar galaxy. ’ ’ 
The birth of our earth was but a minor affair in 
the history of the universe, and it is quite un- 
likely, as Professor Chamberlin put it, “that 
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even the star neighbors felt any ‘thrill’’ by rea- 
son of the event,” 

TFe Live on a Hot Steel Ball 

What is in the interior of the earth? It is a 
difficult question to answer. Strange to say, we 
actually know more about the contents of stars 
millions of light-years aAvay than we know about 
the earth on which we daily tread. The Abbe 
Th. Moreau, Director of the Observatory of 
Bourges, writing in Le Petit Journal, said: ‘‘In 
the present state of human industry we cannot 
think of exploring the earth’s entrails directly. 
The greatest depth realized is that at Olinda, 
CaHfomia. Rocks have been brought up from 
2,460 meters below the surface. But what are 
three kilometers to the 6,371 which must be 
traveled to reach the center of the earth? A 
simple scratch.” 

Obviously, then, we must gain all our knowl- 
edge of the earth’s interior indirectly. We have 
not at hand the mechanical means to penetrate 
far enough into the earth to do more than this. 
We find for our purpose but two sources of in- 
formation. The first is the volcano, which has 
supplied us with valuable data, altho often at 
the most inopportune times and in a highly un- 
desirable maimer. The other is the temperature 
measurements made in deep oil weUs. 

Study of oil wells has shown that there is a 
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considerable increase in temperature with depth, 
tho the increase varies with the locality. In 
South Dakota the increase in temperature with 
depth varies from one degree Fahrenheit in 
forty-five feet to one degree in twenty feet. At 
Fairmont, West Virginia, a temperature of 175 
degrees was found at the bottom of a 7,500-foot 
well, while at Longmont, Colorado, a tempera- 
ture of 212 degrees was found in a 6,600-foot 
well. Based upon the temperature-rise of the last 
1,000 feet of the seven deepest weUs in the 
United States, an estimate of the temperature at 
the center was given by the publication Tycoi 
as 443,000 degrees Fahrenheit. 

That such a temperature is at all probable at 
the earth’s center is admittedly preposterous. 
The temperature certainly could not go on in- 
creasing at the rate given. To measure the rate 
in the first three miles and assume that it con- 
tinues is much like measuring the I’ate of growth 
of a child in its first few weeks' and assuming 
that it will continue to grow at this rate until 
it is eighty years of age. In this way we would 
compute into existence a race of giants. The out- 
side temperature of the sun is only 11,000 de- 
grees Fahrenheit, and while its center may be 
much hotter, it is doubtful if the interior of the 
earth reaches a figure greatly above this. 

If we go down to the birthplace of volcanoes, 
about twenty or thirty miles, and assume that 
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for this depth the temperature increase is at the 
rate observed in the previously mentioned deep 
wells, we shall arrive at a temperatm*e high 
enough to melt lava — some 3,000 degrees. We 
might now assume that the interior temperature 
remained the same everywhere below this thirty-- 
mile crust, as in a liquid, where temperature 
differences quickly smooth themselves out 
through convection currents. But the interior of 
the earth, from a study of its rigidity, weight, 
etc., appears to behave lilce a sohd steel ball. 
This is quite possible, even at temperatures 
well above the melting point of the earth’s mate- 
rials, because of the enormous pressures which 
must exist inside. If, now, we regard the e^th 
as a solid, a temperature equalization in the in- 
terior is decidedly unlikely. It would require cen- 
turies ior a molecule at the center to wend its 
way to the surface. The interchange of kinetic 
energy, which is the temperature-controlling fac- 
tor, between inside and outside molecules would 
be an extremely slow process. 

On the other hand, there are those who believe 
that the interior of the earth is a cold solid. 
They believe that the temperature-change which 
is found as we go down in deep oil wells is due 
either to the presence of radioactive material 
or to chemical changes which are in progress in 
the oil. It happens that there is about enough 
radioacti material in the earth’s crust to make 
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tliis a plausible theory. That there is some basis 
for the contention that the heat in oil wells 
is due to chemical action is also true. The rate 
of increase in oil weUs with depth appears to 
be much greater than where oil does not exist. 
In fact, this has been suggested as a method of 
prospecting for oil. To account for the heat of 
the volcano, these people contend that the vol- 
canic material is normally cold and that the heat 
is generated when pressure is relieved by rock- 
slippage. The reduction of pressure allows cer- 
tain heat-producing reactions to go on, which at 
normal pressures are impossible. The heat is 
thus a local product of chemical action. 

We are left with the obvious conclusion that 
we know but little of what is below the crust 
upon which we daily tread. Perhaps if we knew 
more of what is under us we should be less at 
ease. 


The Age of the Earth 

Man has long been curious enough to wish to 
know the earth’s age. The earth has, on her side, 
kept the secret well. We can make our scientific 
guesses — ^no one can deny us that privilege — 
but after all we can reach only a very limited 
degree of certainty. In the end, the ingenuity 
of the methods employed is found to be of more 
interest than the results obtained. In all these 
guesses we are concerned with the age of the 
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earth, computed from the time the crust formed. 
We are not interested, for the moment, in how 
long it may have existed in the molten state, or 
how long it was previously a part of the sun. 

The first of these scientific guesses to deserve 
our attention is that of Lord Kelvin. His esti- 
mate is based upon the present rate of cooling of 
the earth’s surface. This gives an approxima- 
tion of the time which must have elapsed since 
it was a molten mass. We can estimate what its 
temperature must have been at that time. Lord 
Kelvin’s first conclusion was that the age was 
between 20,000,000 and 400,000,000 years. He 
later reduced the maximum figure to 40,000,- 
000 years. This figure did not meet with ap- 
proval of zoologists. They did not believe that it 
was long enough to have permitted of the great 
changes which had been found in animal life 
in the process of evolution. 

Further estimates were obviously in order. A 
computation of the amount of salt in the ocean as 
compared with the amount poured into it an- 
nually gave the age as about 350,000,000 years. 
But who can say that the ocean did not origi- 
nally contain some salt? Estimates based upon 
the rise of the deltas in the Nile and Mississippi 
Eivers — on the retreat of Niagara Falls — on the 
retreat of the glaciers in Sweden after the ice 
age — are likewise open to objection. There are 
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many factors •whicli might have influenced these 
occurrences outside of time alone. 

Our most modern method comes from the 
study of radioactivity. The parent radioactive 
material, uranium, like its children, goes on 
constantly disintegrating. In this process it gives 
off the primary electrical particles — electrons — 
and helium. As it looses this material it passes 
through transitions from one material to another 
and finally becomes radioactive lead. Here the 
process of natural transmutation stops. Noth- 
ing that man has ever been able to do has 
changed the rate of this process. He has tried the 
very extremes of temperature available to him, 
the highest voltages that he is capable of pro- 
ducing, but always failed to change the rate of 
disintegration in the slightest degree. It is safe 
to assume, therefore, that no changes on the 
earth’s surface since its crust was formed have 
been of sufficient intensity to make any change 
in this disintegration rate. Assuming, then, that 
this rate of disintegration has been always con- 
stant, the percentage of lead found in a sample 
of uranium should give us the means of deter- 
mining how long this disintegration has been 
going on. Such estimates indicate that the 
youngest rocks of the earth have existed for 

1.000. 000.000 years, and credit the earth with 
a minimum existence of from 2,000,000,000 to 

8.000. 000.000 years. 
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"Writing in Be Telegraaf, Professor W. J. Luy- 
ten compares the period of the entire existence 
of life on the earth to a day of twenty-four 
hours. On this basis he says: 

“The greatest period, that is the longest life, 
must be accredited to the most primitive crea- 
tures in microscopic form. They lived twelve 
and a half hours by this time. The life of fish 
has lasted now for eight hours, that of reptiles 
two and a half hours. The mammals aren’t sup- 
posed to have existed for more than three-quar- 
ters of an hour, and man only two minutes. 
When one considers that our ‘civilization’ began 
6,000 years ago, then we must admit that it 
really makes up no more than four seconds of 
that entire day of life, and that our modem 
industrial period makes up only one-tenth of a 
second out of that day. However far man’s ex- 
istence may seem to date back as a ‘civilized’ 
creature, man has yet hardly been weaned.” 

Man Weighs the Earth 

We may find ourselves balked in our attempts 
to discover what is inside the earth. We may 
arrive at a very indefinite conclusion as to its 
age. But there is one thing that we can do 
which at first hand would appear at least as 
difficult as either of these. We can weigh it. 
A.rchimedes is said to have claimed that, given 
a place whereon to stand, he could move the 
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earth. How many tons would it have been necess 
sary to move ? He did not know just what sucl^ 
a contract would have called for. "We do. The 
weight is sis thousand million million million 
tons. It is actually known more accurately than 
this, but the total given is approximately correct. 

To ask just what good it is Ihcely to do any- 
body to know this is a legitimate inquiry. It is 
-xseful for two reasons. It is one of the things 
that inform us, to some extent, of the earth’s 
interior. We find that the rocks forming the 
earth’s crust are from two to two and one-half 
times as heavy as water. The density of the en- 
tire earth as computed from its weight and size 
is twice this. This leads us to the remarkable 
conclusion that its interior is a solid iron ball, 
which is further confirmed by the fact that other 
heavenly bodies, meteors, which sometimes land 
on our earth, are so constituted. 

Again, this knowledge of the weight of the 
earth is important to astronomers. In their study 
of stars and planets the weight of the earth is 
frequently of value — especially so in computing 
the weight, orbits, time of revolution, etc., of the 
other planets. 

How can we weigh the earth 1 In principle the 
experiment is very simple, altho, in actuality, to 
obtain accurate results is exceptionally difScult. 
The simplest method is that of the pendulum. 
This method is used at the United States Bu- 
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reau of Standards. The experiment is performed 
by setting up what might be referred to as a 
miniature earth. Two large steel balls weighing 
140 pounds are used as artificial earths. Between 
these steel balls two gold balls, weighing an 
ounce and a half and fastened at the ends of a , 
light platinum rod, are suspended by a thin 
tungsten fiber. The gold balls are set swinging 
and their periods of swing measured. The weight 
of the steel balls and their distance from the 
gold balls determine the period of swing. So 
sensitive is this arrangement that the presence 
of a person as much as ten feet away will cause 
a variation. Because a car moving outside the 
laboratory would affect the precision of the re- 
sult, the apparatus is located thirty-five feet be- 
low ground level. The attraction of the steel baU 
for the gold ball is only in the neighborhood of 
a millionth of a grain or about a thousandth of 
a milligram. By repeating the experiment with 
the steel balls at different distances the constants 
of the apparatus can be measured. It remains, 
then, only to determine the attraction of the 
earth for the gold balls and to know the distance 
between the center of the balls and the center 
of the earth. The problem is one of substitution 
in a proportion. The attraction depends upon 
the product of the two masses and inversely upon 
the square of their distances apart. Therefore 
the mass of the earth is to the mass of the steel 
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ball, as the attraction of tbe earth times tins, 
square of the distance between centers of earth 
and gold ball is to the attraction of the steel 
ball times the square of the distance between 
steel and gold balls. The arithmetic is simple. 
The experiment is rendered difficult by the neces- 
sity of putting the vibrating gold balls in a 
vacuum chamber to eliminate the effect of air 
currents, the necessity of avoiding vibrations, 
and by many other troublesome factors. The 
work at the Bureau of Standards is being carried 
to greater accuracy than exists at present by 
Dr. Paul R. Heyl. 
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SURFACE DISTURBANCES OF THE EARTH 
The Earth Has a “Blow-Out*’ 

There are probably few experiences more ter- 
rifying’, if one is to judge by descriptions, than 
to be in the neighborhood of a full-fledged vol- 
cano in eruption. Yet there is perhaps nothing 
more necessary than such eruptions when one 
considers the general good of all earth-inhabi- 
tants. A volcanic eruption is a blowing off of 
a great safetj’’ valve. 

There is a decided sameness to all volcanic 
eruptions. Throughout the centuries volcanoes 
- have belched forth the same kind of magma, and 
records of the temperature of this has shown it 
always to be within the narrow limits of about 
1,000 to 1,500 degrees Centigrade. On the as- 
sumption that the interior of the earth was mol- 
ten, this was diflScult to explain. It was assumed 
that it all came from the same interior reser- 
voir, the temperature and contents of which 
were the same throughout the time considered. 

But now we know that the interior of the 
earth is solid. We know that there is a gradually 
changing condition as we go do-wn. We now 
assume that at the depth of volcanic origin, 
twenty or thirty miles, there exists, not a reser- 
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voir of molten material, but a cbemical and 
physical condition which gives rise to volcanoes. 
At this depth it is assumed that the materials 
are solid, not because of low temperature, but 
because they are kept solid in spite of the tem- 
perature by enormous pressures. These pres- 
sures we cannot hope to approach in the labora- 
tory, yet at 20,000 atmospheres (about 300,000 
pounds to the square inch) gasoline becomes as 
viscous as vasoline, and wax becomes rigid. 

The condition which is immediately respon- 
sible for a volcano is thought to be a slippage 
of the rock formation, perhaps due to immense 
loads of sediment which accumulate on the ocean 
floor. The displacement of the crust by a mere 
fraction of an inch would result in enormous 
pressure changes within the earth. 

With the formation of a fissure or crack in 
the rock which forms the earth’s crust, there is 
at once afforded a means whereby the magma 
can begin to force its way slowly toward the 
surface. Throughout the journey the tempera- 
ture remains high, because the rocks with which 
the effluvia come in contact are poor conductors, 
and also because there is still contact with the 
hot magma below. If the volcano is an old one, 
the rocks are already heated and the moving 
material falls very little in temperature. With 
the release of pressure the magma gradually be- 
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comes molten and eventually flows over tlie side 
of the volcano’s crater. 

In the case of an explosive eruption there are 
some other factors at work. First come great 
quantities of steam. This is due to the magma 
encountering water on its way to the surface. 
The explosive character of water which strikes 
a hot surface is weU Imown. After the steam 
comes gas. About a third of this is hydrogen, 
one of the most explosive of gases. This is ac- 
companied by phosphorus and other dangerous 
materials. In addition we may have profound 
chemical action between materials in the magma 
itself. Materials which under pressure in the in- 
terior of the earth might lie side by side with- 
out reaction may, when liquefied, become in- 
tensely active. Also the gases dissolved in the 
magma may rush to the surface, giving the ef^ 
feet of opening a giant bottle of carbonated 
water. 

As a result of this explosive action we find 
stone so infiated with gas-bubbles that it will 
float — pumice-stone. We find the lava blown to 
a fine dust, which sometimes obscures the sun. 
This dust has been known to spread in the upper 
atmosphere around the entire earth, and, by 
shutting off some of the sun’s rays, to lead to a 
cold period lasting several months. 

Accompanying the eruption there are usually 
earth tremors. These might weU be expected, 
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both because of the violence of the eruption auA 
because of the origin of the eruption as well. 
Severe lightning storms also are common during 
an eruption. This may well be due to the elec- 
trification of the lava dust and of the gases as 
they are shot upward through the air. Electri- 
fication will result from the friction between 
the gases. 

After an eruption has subsided there is still 
danger left. This is in the poisonous gases that 
are given off. Sulfur gases appear first. On fur- 
ther cooling, water vapor, hydrochloric acid, 
sulfureted hydrogen, and chloride of ammonia 
are given off. Finally carbordc acid is given off, 
and this, being heavy, collects in valleys and 
low-lying ground. It results in the so-called poi- 
son valleys. Some volcanoes haA’^e a predomi- 
nance of the one or other of these gases. 

A volcanic region eventually becomes one of 
geysers and hot springs. 

The Earth Shakes 

The cause of earthquakes is like that of vol- 
canoes — rock slippage. If we were to investigate 
it further it would lead us to an examination into 
the cause of the slippage itself. Of this there 
haAm been many theories. One has it that the 
slippage is due to an actual shrinkage in the 
earth’s surface as the earth gradually cools 
inside. Then there are those who believe that 
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eartLquaLes are due cLiefly to the piling' up of 
sediment on the ocean’s floor, resulting even- 
tually in such a load that the crust of the earth 
can no longer support it without some readjust- 
ment. This results in a series of disturbances. 
Others would suggest that earthquakes result 
from earth-tides, which gradually mold the 
earth’s surface until it reaehes a point wherp 
a sudden crack or slippage takes place. Others 
claim to see a close parallel between the sun- 
spots and periods of earthquakes. Just how a 
sun-spot could so profoundly affect the earth’s 
crust is indeed difficult to see, and yet data have 
been found which indicate a parallel between 
these two phenomena. Perhaps we may he more 
nearly on the safe side if we suggest that aU 
these things may contribute to the beginnings of 
an earthquake. 

The one bit of earthquake information that is 
least known to the layman, apparently, is that 
earthquakes in any locality are almost continu- 
ous. The earth is almost constantly trembling. 
At any seismological station large numbers of 
quakes are registered daily. Most of these, how- 
ever, cause no more vibration than is caused by 
a truck a block or so away. They are easily 
distinguished from the latter by the trained seis- 
mologist with the aid of his sensitive instru- 
ments. At the same time there are few days 
when a seismic station does not register what 
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is called, a major quake — one of sufficient inten- 
sity to give data worth, communicating to other 
stations. 

In addition to the almost constant trembling 
of the earth there is also often indicated a tilt- 
ing of the earth. This is, of course, a local effect, 
thought to he due to the piling up of great 
masses of water on the beach at high tide. The 
same local tilting can be observed when a large 
number of persons visit a seismic station. The 
tilting is extremely slight, and only the very 
sensitive instruments of the seismic station 
would be capable of detecting it. 

It is enough to say, perhaps, that a few hours 
at a seismic station watching the records would 
convince any one that this earth is not the solid, 
steady planet which we ordinarily think it is. 

Exploring the Atmosphere 

Surprizing as it may be that we know so 
little about the earth beneath us, it is equally, 
if not more surprizing, that we know so little 
of the atmosphere above us. We do not even 
know how high it extends upward from the sur- 
face of the earth. Confronted with the ques- 
tion, one usually answers thirty or forty miles. 
It is difficult to find any justification for such 
an estimate. The answer probably depends upon 
what we mean by the earth’s atmosphere. Would 
it be correct to say that it extended only to thac 
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distance inside of which it is capable of support- 
ing life ? Then it extends only a few miles, per- 
haps three or four. Or shoiild we define it as 
ending at that point at which no gas is present? 
To estimate where this would be is quite impos- 
sible. And yet if this is not the point at which it 
in fact ends, then it is difficult to select any other 
more suitable point. 

Suppose we decide to say that the atmosphere 
ends where pressure-gauges, regardless of their 
sensitivity, no longer register any pressure. The 
pressure is zero. How can we determine where 
this point will be ? Certainly we cannot reach it 
by airplanes, dirigibles or balloons. To go up 
even three or four miles an aviator requires 
enormous preparation. He must carry oxygen 
to breathe, electric heaters, both for himself and 
to vaporize the gasoline, and so on and so on. 
The intense cold and the rarity of the atmos- 
phere make it out of the question to attempt to 
go much higher than this. Dirigibles and balloons 
are even more hopeless. They depend upon the 
buoyancy of the air to lift them, and, as this 
air becomes rarer at high altitudes, they are un- 
able to rise. Perhaps rockets, which do not de- 
pend upon the air but are in fact hindered by 
its friction, will eventually be used to explore 
the upper atmosphere. In the meantime we must 
depend upon computations. 

Now, computations of the height of our at- 
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mospliere are extremely difficult to make. There 
are many factors which complicate the prob- 
lem. The air is composed of many gases, it is 
compressible, and it has weight. The rotation of 
the earth is another troublesome factor. Pur 
ther, the temperature of the atmosphere is dif- 
ferent at different levels. The particles of gas 
are always in violent agitation. 

The only data that give us much assistance are 
those of atmospheric pressure. Air, tho very 
light, has weight, and there is enough of it 
above us so that, due to its weight, there is a 
pressure upon us of about fifteen pounds per 
square inch. Our bodies are made to withstand 
this pressure, and if the atmosphere were sud- 
denly removed we should doubtless explode. If 
it had no weight there would be nothing to hold 
it to our earth, and it woidd soon disappear into 
space. As conditions are, it would be necessary 
for a particle to acquire a velocity of 25,000 
miles an hour to escape from the earth. 

If temperature were the same at aU heights 
and we had but a single gas to deal with, we 
could at once compute its height from its weight 
per square inch on the earth's surface. But it is 
composed of several gases and we do not know 
how much of each. It takes an eight-mile column 
of hydrogen to weigh as much as a single mile 
of oxygen. Then, too, there wiU be variations in 
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-the temperature as -we go up, a factor of wiicii 
■we ]niow almost nothing. 

"We know also that if we rapidly rotate a wet 
ball, the water wiU collect around its middle, or 
equator, and will fly off from this belt. In the 
same way our atmosphere tends to collect at the 
earth’s equator. The air-layer over the earth is 
thus greater at the equator than at the poles. 

"Why should the temperature fall off as we 
go up? It would appear that the sun’s rays 
would be stronger higher up, as they have not 
been absorbed by the atmosphere as much as 
have those which reach us. The answer to this 
is that most of our heat comes from absorption 
by the ground. Many of -the sun’s rays absorbed 
by the earth are reemitted as heat only to be 
again absorbed by the atmosphere within a few 
meters of the earth’s surface. The atmosphere 
thus acts as a blanket to keep the heat in. The 
effect is much like that of a hothouse. If it were 
not for this blanket the temperatiue of the earth 
would be about sixty degrees below zero. 

It is also sometimes difficult to see why the 
air, having weight, does not fall at once to the 
earth. Failure to do so is due to the rapid molec- 
ular motion of the air particles. These particles 
have a trembling motion of enormous velocit^^ 
They are constantly striking and rebounding 
from each other. The velocity of oxygen at nor- 
mal temperature and pressure is about a quarter 

res 3 



EARTH-SURFACE DISTURBANCES 


of a mile per second. Hydrogen lias a velocity of 
about a mile a second. It is tbe impact of mole- 
cule against molecule at this enormous velocity 
which holds them apart and in the gaseous state. 
If the temperature were reduced so that they 
slowed down they would faR to the earth as a 
liquid. Or if they were slowed down to an even 
greater extent, the earth would he covered with 
but a few feet of solid air. To accomplish this a 
temperature of nearly 460 degrees below zero 
Fahrenheit would be required. 

In spite of all the information which we have 
concerning gases, we must still admit that we 
know very little about the atmosphere above us. 

Major Earth Winds 

In a study of the earth’s atmosphere we are 
also confronted with the regular air currents or 
winds which keep it in a state of constant mo- 
tion. Chief among these steady winds are the 
so-called trade winds, which are to be found at 
the equator, and with which every school-boy is 
familiar because of their important bearing on 
the voyage of Coliunbus. Then there are the pre- 
vailing westerlies with which we have all re- 
cently become familiar because of the obstacle 
they present to east-to-west trans-Atlantic 
flights by airplane. Both of these familiar air 
currents are due to the same cause. 

Every one knows the fundamental principle 
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of physics which says that heated air, because 
it is rarer and lighter than cold air, rises. It is 
this fact which is put into practise in hot-air 
furnaces used in small buildings. Now the air 
at the equator, being heated, will rise, and air 
from both north and south must come in to take 
the place of this air. Having risen, the air is 
away from its source of heat, which is the radia- 
tion of heat due to absorption of sunlight by 
the earth. It consequently cools and falls again, 
farther north. Part of it will again blow toward 
the equator, while part will continue north. 

Now, if the earth were stationary this would 
result in north and south winds only. But the 
earth is rotating. It is often believed that it is 
this rotation, dragging the air after it, which 
gives the wind its easterly direction at the equa- 
tor. If this were the ease, all winds should have 
such a direction, while as a matter of fact the 
winds in the temperate zones are westerly in 
direction. The true cause for the veering of the 
winds from straight north and south is a gj’^ro- 
seopie action due to the earth’s rotation. The 
peculiar behavior of such action is easily imag- 
ined by any one who has ever played with a 
gjTOScopic top, a toy which behaves in a most 
uncanny fashion. The principle which deter- 
mines the direction of the winds is utilized com- 
mercially in the gyroscopic compass. 

The result of the convection currents and the 
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gyroscopic action is a wind blowing toward the 
equator in a southwest direction, north of the 
equator, and in a northwest direction south of 
it. As the air which rose at the equator falls 
again in the north and south hemispheres, there 
is created an almost windless region in each, 
known as the doldrums. North of this, in the 
northern hemisphere, the wind has a northeast- 
erly direction, and in the southern hemisphere, 
south of the quiet region, the direction is south- 
easterly. In addition to these main winds there 
are the circumpolar winds. 

While local disturbances close to the earth do 
not always permit these winds to be recogniz- 
able, their presence is none the less obvious. If 
one observes the cirrus clouds, which are several 
thousand feet above the earth, one will find that 
in the northern hemisphere they are always trav- 
eling toward the east. Their velocity is usually 
from , twenty-five to fifty miles an hour. It is 
the existence of these winds upon which our 
whole system of weather prediction is based. 
That their velocity is not great is due to fric- 
tion with the earth. Were it not for this factor 
the velocity of the wind would probably reach 
thousands of miles per hour. In the southern 
hemisphere, where the obstruction by land is not 
great, these winds do in fact reach considerable 
velocities. Their intensity at about the fortieth 
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«egTee of latitude, in the southern hemisphere, 
has resulted in the phrase “the roaring forties.” 

A complete study of our winds has yet to be 
made. At present we know only what is happen- 
ing near the earth. Air cannot always blow in 
one direction. It must get back somehow. Thus, 
while the wind is somewhat toward the north at 
all points in the northern hemisphere, it cer- 
tainly does not pile up at the pole. There must 
be counter-currents higher up. Perhaps if we 
knew where these are, airplanes might cross the 
ocean as easily from east to west as from west 
to east. It is thought that such a current may 
be sandwiched in as a narrow ribbon from 
6,000 to 10,000 feet over the Atlantic. 

The airplane now demands a more thorough 
study of these air-currents and this study will 
doubtless be made through the release of smaif 
sounding-balloons. At the present time we are 
surprisingly ignorant of all but the most obvious. 

WeatJver Prediction 

All clouds are the result of the condensation 
of moisture from the atmosphere. At any par- 
ticular temperature there is a limit to the 
amount of water which the air can hold, and any 
decrease in temperature will immediately result 
in condensation and the formation of clouds. 

In warm places there will be formed convec- 
tion currents of air which rise rapidly and carry 
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with them the moisture due to eTaporation from 
the ground. As these currents reach the cooler 
regions higher up the moisture 17111 condense to 
form a cloud at the top of the column. Such a 
cloud will be a cumulus cloud, one of the large 
billowy kind which one so often sees floating 
lazily acrosu the summer sky. Such clouds are 
fair-weather clouds and bring rain only when 
they have reached an abnormal thickness. This 
thickness will depend upon the temperature. In 
winter a thickness of about 300 feet will bring 
precipitation, but in summer the thickness must 
be much greater than this to bring rain. 

The formation of these clouds by the rush of 
air upwards results in a region of low baro- 
metric pressure. As these regions are formed, 
usually only on a large scale on our west coast, 
winds from the northeast and southwest rush 
into the low-pressure area, causing a vortex mo- 
tion. In the northern hemisphere the winds circle 
around this area in a direction contrary to that 
of the hands of a clock if one is looking down 
on it. This region of low pressure is carried 
across the country by the prevailing westerly 
wind. From its travel one can thus predict with 
considerable accuracy the arrival of low pres- 
sure for any locality. This is the basis of our 
system of weather prediction. 

Sometimes a cumulus doud will become 
greatly overgrown and thus a cumulo-nimbus 
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MAN 

Man Inhents the Earth 

Thebe are two schools of thought in regard to 
man’s origin. There are those who hold that man 
has evolved from the lower forms of life which 
resemble man — the ape and his progenitors. On 
the other hand, there are those who hold that 
man has evolved separately from those forms 
along a distinct line; that there is no direct 
relation between the ape and man; that man 
has existed in a form resembling that of to-day 
since the beginning of our geologic record of 
about 400,000 years. 

The reasons for the first view — ^that man is a 
direct descendant from some ape-like form — are 
obvious even to the layman. There is unques- 
tionably a close resemblance between man and 
the ape, and upon careful study this resemblance 
becomes even greater. The difference is so slight 
as to fool the experts. Skulls recently found in 
Bechuanaland were at first labeled as those of 
apes and later relabeled by the ethnologists as 
those of men. The line of demarkation between 
early man and the ape is extremely slight. 

Let us consider some of the evidence offered by 
the geologic record for the second point of view. 
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Going backward from oar fime, wMcb we shall 
call the [Recent Age, we reach the beginning of 
the Ice Age. The Ice Age, more correctly known 
as the Pleistocene Period, was not a period of 
continuous glaciation. It was a period of alter- 
nate hot and cold. There were, in fact, four ice 
periods, separated by much longer periods of 
higher temperature. Before this time was the 
Tertiary Age, the last division of which is called 
the Pliocene Period. This description follows 
the American nomenclature, which differs some- 
what from that used in Europe. 

Most of the animals which lived in America 
before the first glacial period are now extinct. 
Probably this is due to the severity of that 
period. Some, however, survived the extreme 
conditions. Horses, camels, and peccaries seem 
to be of this group. When the warm period 
came — ^the Aftonian — many animals came to 
America across Bering Straits, an overland 
route, as the continents were not then separated. 
This migration included such animals as ele- 
phants, lions, tigers, moose, deer, bears, dogs, 
and many smaller animals. Others are thought 
to have come in from South America — ^many 
strange forms which no longer exist, as weU as 
those still characteristic of that continent. It is 
thought that fuUy one-third of the animals of 
that period are still to be found, the other two- 
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thirds having been wiped out by the succeeding 
three glacial periods. 

Has the process of evolution changed these 
animals notably? Dr. Oliver P. Hay, of the 
Smithsonian Institution, writes: 

“The numerous horses of the Aftonian be- 
came extinct, but some of them, as shown by 
their skulls and skeletons, differed from • our 
domestic horses so little that the experts can 
hardly teU the difference. The abundant camels 
of that time have their counterpart in the camels 
of the old world and the Hamas of South Amer- 
ica. The elephants would be recognized as such 
by any child who had witnessed a street parade 
of a circus. It is evident, then, that evolution, 
which produces all natural changes in animal 
form, has effected little in the perhaps 400,000 
years since the Aftom’an stage. A learned writer 
on mammals tells me he doubts that a single new 
species has been developed since the first inter- 
glacial stage. The great changes in the animal 
life in this country have been due, little to 
evolution of new kinds of animals, but almost 
whoUy to the extinction of the many especially 
large and striking forms.” 

Animals have changed little if at aU in this 
long period. Now, what do we know in regard 
to man? The discussion here must center around 
the Neanderthal man, who appeared a little be- 
fore the middle of the last glacial period. His 
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appearance can onl 3 ’ be described as ape-like. 
He bad the eun^ed spine and -tvalked in the 
stooped, bent-kneed position characteristic of 
the apes of the present day. His skull was flat- 
tened at the back, his jaw protruded into what 
might be called a muzzle, resemblant of the 
features of the lower mammals. His receding 
chin and forehead sloped back to such an eslent 
as to be hardlj’' worthy of the names. He had a 
broad flat nose and large eye-sockets. He was 
distinctly ape-like, but was he ape or man? He 
has been described, so far as appearance is con- 
cerned, as about three-fifths man and two-fiftha 
ape. But let us see how he may be regarded. 

First of all, the Neanderthal “man” may be 
considered as a link in the chain from ape to 
man. It has been argued that he is the direct 
progenitor of the Cro-klagnon race, which ap- 
peared during the latter half of the last glacial 
period, and which is easily recognized as be- 
longing to the human race. That this could be 
true is doubtful. It requires that we believe 
that in the course of a few thousand years man 
underwent a far greater evolutionary change 
than have any of our animals in the entire 
period of about 400,000 years since the begin- 
ning of the Pleistocene Period. This is difiScult 
to believe. Marcellin Boule, the French anthro- 
pologist, in his book. Fossil Men, writes, that 
this would be “a mutation so great and so sud- 
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den as to be altogether out of the question.” It 
may also be pointed out that at this same time 
there lived in the same vicinity as the Neander- 
thal man a race "which resembles very much our 
present negro. It is difficult to believe that such 
vast changes should have taken place in the 
Neanderthal man and left the progenitor of the 
negro, the Grimadi race, untouched. 

"We are left, then, -with the alternative that 
man existed in the Tertiary Period, before the 
Ice Age, in much the same stage as he is found 
to-day in the uncivilized parts of the -world ; that 
he, like the animals, has evolved but little since 
that time, the degree of evolution being shown by 
the differences "which no"w exist in the various 
races found in different parts of the "world. This, 
of course, leaves us "with several things unex- 
plained. Why do we find no evidence of his ex- 
istence during these early periods? How can we 
account for the sudden appearance and equally 
sudden disappearance of the Neanderthal man, 
and his immediate succession by the Cro- 
Magnons ? 

The problem is baffling and may never be 
solved. Nevertheless, scientists will keep on trj'- 
ing to find a clue to the mystery. It is detective 
work carried to the nth degree. Every part of 
the earth is being scoured for evidence. Expedi- 
tions are constantly searching the most out-of- 
the-way places, risking hardships, dangers, and 
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possible death in the jungles for a tiny scrap of 
evidence to piece out a solution of the mystery. 
Every scrap of possible evidence, when brought 
back to civilization, is weighed and reweighed, 
analyzed and discussed, to obtain from it every 
bit of meat that might be of value. 

It is indeed unfortunate that these men, whose 
interest is only in the facts they find, and who 
are willing to change their views as each new 
scrap of evidence dictates, should be hampered 
in their work by interference on the part of 
those who are not fuUy informed as to the true 
purpose of the work, and should of necessitj- 
spend part of their time in fighting damaging 
legislation which prevents, in many places, a 
free discussion of their findings. That this is so 
is xmquestionably due to a lack of public knowl- 
edge of the subject, and will doubtless be over- 
come by the wave of popular interest in science 
which has recently been aroused throughout the 
world. "We may be sure that the work will be 
pushed to the limit of human ability and that 
almost any time startling discoveries may come 
out of the heart of Africa or from some other 
little-known region of the earth's surface. 

The Horde Instinct in Man 

In the matter of man’s sexual matings and 
the origin of the present essentially monogamous 
social system, there are, as might be expected, 
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various theories. It was long the popular belief 
that the present system developed from a horde 
system which resembled that of the lower ani- 
mals; but of late this thought has been largely 
abandoned, because no primitive tribe has been 
found in which such a custom prevails. True, 
there have been found tribes in which promiscu- 
ous relations are permitted in early youth, and 
. others in which several matings may be made 
during a lifetime ; but the social system is, never- 
theless, in both cases essentially monogamous. 
The tie between male and female at least con- 
tinues during the child-bearing and eai-ly rear- 
ing period. The behavior of these people may 
be described quite readily in terms of that of 
many of the people in the more civilized coun- 
tries of the world to-day. 

Another reason for our difference in social life 
from that of animals, that has been suggested, 
is that none of the animals have an ever-present 
mating instinct, as has man. The mating instinct 
in animals is dependent upon the. seasons or 
upon some physiological change. Man, as has 
been supposed, is the only animal in which this 
is not the case. This, however, has been found to 
be untrue. The mating instinct has been found, 
by observation, to be the same in monkeys and 
apes as it is in man. It is neither seasonal nor 
dependent upon physiological changes, but is 
ever present. This is a conclusion reached by 
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no less an authority than Professor Eobert M. 
Terkes, of Yale University, who during the last 
fifteen years has conducted a series of 'brilliant 
experiments on the habits of these animals. He 
has found that the mating instinct is ever pres- 
ent in them. Unfortunately, his findings have 
been largely overlooked by anthropologists. 

If this social factor, ever-present mating, is 
the cause of our monogamous system, then evi- 
dence of at least the rudiments of a similar 
system should be expected in the life of monkeys 
and apes. Such is not the case. The monkeys 
are found to live in hordes and to follow the 
horde system of sexual relations. There is no 
evidence of monogamy. There is nothing re- 
sembling the family ties of the human race. 

That the horde instinct is present in man is 
everywhere in evidence. One does not need to 
present a statistical study of 'vdolations of ac- 
cepted social behavior to prove this point. It 
■will be readily accepted. Not only are -riolatiohs 
of what is considered proper social behavior 
common, but it goes -without saying that there 
are many who are held in check only through 
the fear of social ostracism if the misbeha-vdor 
is found out. If, overnight, all of our social 
taboos could be swept away, there is little doubt 
that the outcome would certainly tend strongly' 
toward a horde system. The fact that the Great 
War did in reality sweep away many of these 
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traditions at one time constituted a real menace 
to our social system. The fact in itself, that most 
of our social taboos are obviously intended to 
check the horde instinct, is evidence that a real 
danger to society exists in this possibility. 

The reasons given by Dr. Gerritt S. Miller, 
Jr., curator of Mammals of the Smithsonian In- 
stitution, for the development of our present so- 
cial system are, first, the human ability to form 
enduring association between partners and thus 
make sex-love a socially effective force; second, 
the fact that only in the human race' can the 
female be forced by the male; and last of all, 
man’s property sense, only the merest rudiments 
of which are found in any of the animals. “All 
of these facts seem to justify the tentative con- 
clusion that those of our customs which center 
about the family are best explained as a modi- 
fied horde life not yet completely adjusted to 
civilization’s needs,” says Dr. Miller. “When 
the process of change began we do not know, but 
it was doubtless at a time so remote that no 
present-day race of men had come into exist- 
ence. The breaking up of the old horde may 
be conceived to have taken place under the in- 
fluence of the specially human characteristics 
of mating psychology, which have just been men- 
tioned, combined with and directed by man’s 
rapidly growing property sense.” 
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The Origin of Speech 

It is difficult to conjecture as to the origin 
of speech, but one possibility that deserves con- 
sideration is that speech arose from pantomime 
with the lips and tongue. The idea is far from 
new, and appears to have been suggested by 
Socrates. An extended paper along this line of 
thought was presented before the Royal Insti- 
tution by Dr. J. Rae as long ago as 1862. Later 
the idea was fostered by Charles Darwin, and as 
well by his noted rival, Alfred Russel WaUace. 
Recently this possibility of the development of 
language has been given much study by the 
English scientist, Sir Richard Paget. He has 
pointed out that emotion in the insect world is 
commonly expressed by sound, as in the love 
songs of crickets and birds. Pantomime is also 
used by birds and insects to convey ideas. Bees 
inform their colleagues of good finds by the 
honey and pollen dances which were first ob- 
seiwed by Professor von Frisch of Munich. 
Warblers and the crested grebe present samples 
of nesting material as a courtship gesture. 

Sir Richard Paget has pointed out that in 
archaic Chinese, in ancient Sumerian (as spoken 
at Ur of the Chaldees), in the Aryan and Semitic 
languages, and even in Polynesia and the west 
coast of North America, the same root words 
occurred — ^made by the same descriptive tongue 
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gesture — as, for example, the upward movement 
of the tongue which produces the word “al,” 
meaning high, strong, protect, or rise. In support 
of his contention Sir Richard Paget has also 
pointed out that the descriptive words formed 
bj’’ children when they attempt to explain some- 
thing for which they do not know the usual 
words, follow this rule. He also points out that 
the greater use of the hands in talking hy the 
southern over the northern races is due to the 
fact that the northerners lived a harder life. 
They worked more with their hands and thus 
had them less free to use in desci-iptive panto- 
mime. They were compelled to make their ges- 
tures with the mouth and tongue. Such gestures 
would, of course, be accompanied by a grunt 
to attract attention, and the sound of this would 
he influenced by the position of mouth and 
tongue and would in time he recognized, with- 
out visual observation, by the person addressed. 
To support the contention that aU vocal sound 
is merely made by grunts modified by mouth 
and tongue positions. Sir Richard Paget has 
presented to skeptics an artificial vocal appara- 
tus. A vibrating reed produces the grunts, al- 
ways the same, and these are modified into 
understandable words by manipulation of the 
parts corresponding to mouth and tongue. His 
theory is weU supported and somewhat con- 
vincing. 
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Wlvy We Behave Like Human Beings 

"Wliy -we behave like buman beings is a prob- 
lem over v'bicb the psychologists have long 
•wrangled. What is it that makes any of ns be- 
have as "we do? Are our acts predetermined be- 
fore •we are born? Are our destinies governed 
purely by external circumstances over -which -we 
have no control? Are -we in any sense masters of 
our fate ? 

It is obvious that there are many ans-wers to 
the questions asked. There are many possible 
•vie-wpoints. Noted psychologists have taken the 
stand for one or the other of these possibilities 
and have defended them against all others ; they 
have insisted that one or the other -was the im- 
portant factor. A more sensible vie'wpoint, ho-w- 
ever, must be that each and aU of these are im- 
portant; that one may, of course, be more im- 
portant than another ; and -which one may be the 
most important must of necessity differ -with 
the indmdual under consideration. 

When one has read the section of this book 
dealing -with heredity and environment, much 
•will be clear without further comment. The 
method whereby nature transmits individual 
characteristics through the chromosomes makes 
it a foregone conclusion that, except in the case 
of relatively rare mutations, the nature of the 
offspring must be a composhe of the character- 
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istics of the parents. Its traits must be those 
traits which have previously existed. Thus it is 
that mental capacity, predisposition to crime, 
musical talent, and ail the characteristics that 
one could possibly think of, are definite things 
which are transmissible. It cannot be denied 
that, under the same set of conditions, two indi- 
mduals, one with musical ability and the other 
without, would possibly react very differently. 
AU beings are not bom free and equal. Different 
talents must determine different behavior, re- 
gardless of environment and other determining 
factors. 

The second great factor in behavior is en- 
vironment. This factor includes a wide range 
of things. It includes companions, food, oppor- 
tunity for education and the development of 
special talents. That food is an important factor 
in the progress and the behavior of an indmdual 
there is much evidence to verify. That the in- 
fluence of parents, companions, etc., is strong 
likewise cannot he denied. The inclination to 
imitate the action of others, so common in chil- 
dren, is evidence of this. Education is likewise 
of recognized importance, and other factors are, 
in general, also effective. 

But aU of these things are not enough to 
account for all individual behavior. Persons well 
endowed are often found in the ranks of human 
failures. There is something which must come 
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from "witliiii. Possibly what comes from within 
merely reflects what is without, as many con- 
tend. Nevertheless, there are those human com- 
plexes which are difficult to classify as due tt 
anything other than the action of that particular 
brain. 

“In earliest childhood,” says Dr. Alfred Ad- 
ler, “our physical inequality results in a normal 
feeling of inferiority, which reappears at inter- 
vals throughout life as we face each new series 
of difficulties. It is the motivating cause behind 
all constructive action. 

“To counterbalance this feeling of inferiority- 
the child early invents a goal of superiority, a 
way in which he strives to excel, ’ ’ says this au- 
thority. “Just as his body develops towards its 
final physical form, so his mind creates an ideal 
final form toward which every effort, thought, 
and movement tends, consciously or uncon- 
sciously, and despite every obstacle. 

‘ ‘ To know the goal the mind has selected is to 
understand at a single leap the whole network 
of thought and action which is the ‘behavior 
pattern’ of the individual.” 

Behavior patterns are formed within and not 
without the individual, for this great psycholo- 
gist adds: 

“The only true and adequate compensation 
for our normal feeling of inferiority is the con- 
sciousness that we are part of ail humanity and 
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of its accomplishments. It is this sense which 
makes for great achievement, useful and happy 
lives. No one can determine for another the 
direction in which he will walk, but the child 
can be helped to understand the choice he has 
to make and to choose the goal of superiority 
which fits into the social scheme. ’ ’ 

It is ob'vdous that failure to make the proper 
adjustment to our social conditions is the cause 
of many if not all of our so-ealled human fail- 
ures. A child may be endowed with every op- 
portunity which would lead him to the correct 
attitude, but failure to arrive at it would be 
fatal. 

The subject of human behavior is an important, 
and interesting one for us to-day. Failure to 
solve and control its causes is resulting in an 
ever-increasing drain on civilization. The crim- 
inal and the insane are unquestionably on th'* 
increase. The problem demands the united ef- 
forts of the best brains the world is capable of 
mustering. 

Man’s CJianging Social Life 

That social habits are reflected in our occupa- 
tions there can be no doubt. A nation is an agri- 
cultural nation if a large proportion of its in- 
habitants are farmers; it is a manufacturing 
nation if a large percentage of its people are en- 
gaged in factory work. Professor "W. P. Ogburn, 
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using this basis of analysis of the social trend, 
bas but recently published some interesting 
data in the book, Social Changes in 1928, 
■which bas been printed by the University of 
Chicago. The number engaged in the silk in- 
dustry is increasing more rapidly than the 
number in the cotton industry. The wbite-coUar 
class is increasing more rapidly than the labor 
class. Domestic servants are decreasing, -while 
■waiters are increasing. Dentists have increased 
four times as fast as the population since 1850. 
In the same period plumbers, steam and gas 
fitters have increased 11,000 per cent. Barbers, 
hairdressers and manicurists have increased 
eight times as fast as the population. Chauffeurs 
and candy-makers are rapidly increasing. Social 
and -welfare workers increased from 16,000 in 
1910 to 41,000 in 1920. 

From 1900 to 1920 the total population in- 
creased 39 per cent, and the urban population 
49 per cent. ; yet the number of waiters increased 
113 per cent., and during tlie latter part of 
the period the number of restaurant-keepers in- 
creased 158 per cent. Delicatessen dealers have 
increased about three times as fast as the popu- 
lation since 1910, and employees engaged in 
canning and preserving fruits increased 37 per 
cent, in the period 1914 to 1925, despite the in- 
creased use of machinery. 

It is not a difScult matter to draw conclusions 
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from sueli statistics. One of these, -which can- 
not he controverted, is that our family life is 
changing rapidly. The increase in canners, wait- 
ers, restaurants, and so on, indicates clearly 
that the nature of the home is undergoing a 
revolution. Its old occupations are disappearing. 
Our standards of living are likewise changing. 
This is reflected in the increase of those in the 
luxury occupations — chauffeurs, candy-makers, 
hairdressers, and plumbers. 

It is evident that our amusements are likewise 
being taken out of the home. They are being 
commercialized. In other ways the family life is 
disappearing. Many of the functions of the fam- 
ily are being taken over by the state. 

Many further deductions could, of course, he 
drawn from these and similar data. Many of 
them would doubtless be debatable. "We leave 
such deductions to the reader; likewise the 
question whether or not such changes are de- 
sirable. The subject holds much of interest to 
the thoughtful. 

Final Earth Popnhiion 

One of the favorite topics of discussion in the 
study of man's possible future is the specula- 
tion as to when the earth wiU have as many 
inhabitants as it can hold and what wfll happen 
after that limit is reached. It is not the purpose 
of the author to speculate upon the question 
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here; but an outline of the factors affecting 
sucb calculations cannot be out of place. 

Those who have studied this subject neces- 
sarily take the possible production of food as 
a basis of estimate. The earth cannot hold more 
individuals than it can provide food for. In the 
past this food production has been based upon 
the known acres of land under cultivation and 
the number necessary to support a human being. 
Allowance has frequently been made for in- 
crease in agricultural efficiency. In the past such 
an allowance has, for the most part, been greatly 
underestimated. No one foresaw, at the begin- 
ning of the twentieth century, the increased 
agi'icultural efficiency of to-day. It is fair to 
presume that the same would be true of present 
predictions. Nor has the possible farming of 
the ocean (five-sevenths of the earth’s surfaee 
is under water) been given reasonable consid- 
eration. These are aU factors which cannot be 
intelligently estimated. 

The decreasing birthrate is likewise a factor 
of great importance. It may keep us well away 
from any approach to saturation numbers. A 
study made by the Department of Economics of 
the Brockings Institution in Washington, which 
covered Great Britain and Ireland, France, Bel- 
gium, Holland, Switzerland, Germany, Deu' 
mark, Norway, Sweden, and Finland, together 
comprising over ten per cent, of the earth’s 
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population, indicated that already the popula- 
tion is not only failing to increase but has a 
virtual deficit of about seven per cent. If this 
were true generally, saturation conditions would 
never be reached. But it is not. There is an in- 
crease of about five-eighths of one per cent, a 
year over the entire world. “If this rate were 
to persist, there would be a doubling of popula- 
tion in 110 years,” says Professor Robert R. 
Kuczinski, of the Berlin Handelshochschule. “At 
present the total of human beings on the face 
of the globe is somewhere between 1,700,000,000 
and 1,900,000,000. But the earth’s capacity is 
limited by the potential agricultural resources, 
and, assuming that there are 15,000,000,000 
acres of arable land and that 1.5 acres on the 
average are suflScient to support an individual, 
the maximum population would have to be 
placed at less than 10,000,000,000. Even allow- 
ing for all conceivable advances in technique, 
and assuming that all human effort will be 
directed to the maintenance of a maximum num- 
ber of people, it seems impossible that the eartli 
could sustain more than six times its present 
population, or about 12,000,000,000 people.” 
Such is the view of an expert who has given 
much study to the subject. 
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THE FIGHT FOR LIFE 

The Battle Against Disease 

The struggle against disease is won. Most o£ 
the advance which medicine will make in the 
future wiU be against old-age ailments. We no 
longer think that germs originate in dirt and 
filth. The germs must get there from some one 
affected by the disease. We no longer think that 
germs are carried in the air. We do not cross 
the street in passing a house isolated because 
of some communicable disease. We know where 
to look for troublesome bacteria. Since Pasteur, 
in 1877, first demonstrated the existence of liv- 
ing bacteria in the case of anthrax, most of the 
disease bacteria have been identified. The situa- 
tion cannot be better summed up than in the 
words which Colonel H. V. Wurdeman used in 
a radio address ; 

“Our whisky has been mostly taken away 
from us, diabetes is cured by insulin, syphilis 
by salvarsan; tuberculosis, typhoid, diphtheria, 
by inoculation and serums; smallpox by vaccina- 
tion. Even the common cold, the forerunner of 
many deadly diseases, is amenable to serum 
treatment. The people generally know these facts 
and seek early treatment. Sweeping epidemics 
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of smallpox used to take off ten per cent, of our 
ancestors. Now no one should die from it; in 
fact, no one can take it if properly vaccinated. 
In my early practise 50 per cent, of children 
with diphtheria died, now only six per cent. 
There should he no more typhoid or other such 
diseases as were common up to twenly-five years 
of age. We know the menace of the house-fly, 
the flea, and the louse.” 

With this summary of present conditions, 
what may we expect of the future? The bac- 
teriologist has been with us for some time, and 
he has accomplished much. Latest developments 
indicate that the time for assistance by the 
physicist and the chemist has arrived. The in- 
creasing use of the x-ray and of radium in 
■'he treatment of cancer is one application of 
the tools of the physicist. In addition we also 
find important research under way to determine 
the value of short radio-wave treatment. High- 
frequency oscillations between 60,000,000 and 
70,000,000 cycles per second have been found 
effective in reducing tumors in rats. The new and 
powerful cathode-ray tube gives promise of a de- 
velopment which will make it the equivalent of 
tons of preeious radium. The therapeutic use of 
ultra-'violet radiation has become so general in 
the last few years as to he considered almost a 
fad. 

The chemist is likewise making valuable con- 
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tributions. Not long ago, if a medicine cured it 
•was considered satisfactory. Now tbe chemist 
■wants to kno-w just "what it is in the medicine 
■which cures. No sooner was the beneficial element 
in the irradiation of certain foods suspected 
than the chemists isolated it. It is ergosterol, a 
substance so potent that a piece much smaller 
than a pinhead per day is enough to prevent 
rickets. It is more potent than a pound or two 
of cod-liver oil. 

Dr. William J. Mayo, speaking before the 
American Chemical Society recently, said: “Day 
by day a new conception of medicine brings 
forth basic facts which enable us to look on 
man as a chemical unit as capable of analysis as 
material in the test-tube. The study of ■vitamins, 
of hormones, of endocrines, and the electric 
concept of the nervous system are but a few of 
the outstanding investigations which are too re- 
cent for analysis.” In closing hiS remarks Dr. 
Mayo further said: “Life is largely a matter 
of chemistry. The advancement of medical sci- 
ence began ■with those things which could be 
seen ■with the eye, ■the eye aided by a micro- 
scope, and has now progressed into the ultra- 
microscopic field of chemistry. In its modem con- 
ception, therefore, medicine has become a branch 
of applied chemistry.” We are well on the way 
toward a complete defeat of disease. 
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Rejuvenation and Revival of the Dead 

Along with the notable advances that have 
been made in medical treatment have gone 
equally notable gains in surgical practise. We 
may now say that almost the entire human body 
is subject to surgical treatment; almost every 
part may be reached by the surgeon’s knife. 

This being the case, it would appear that there 
was little advance to be looked for in this field 
of science. Such is not the case; the advance 
here has been as notable in the last few years 
as in any field of medical practise. This has been 
largely due to the adoption of new methods from 
the biochemical and phs^ical fields. The intro- 
duction into surgery of the new electro-surgi- 
cal units, which might be called electrical knives, 
has done much to alter and to refine the tech- 
nique of the surgeon. In particular this device 
has proved its value in operating on certain 
forms of brain tumor, greatly simplifying the 
procedure. There can be no doubt that there will 
be a rapid extension of the use of this new in- 
strument, which may in effect revolutionize sur- 
gical practise, even tho it does not extend the 
surgeon’s field. 

Kecently medical treatment has taken over 
some of those things formerly wholly treated 
surgically. But since the reverse is also true, the 
surgeon has maintained his ground. One of the 
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transfers of the first-named class has been in 
the treatment of pernicious anemia. The fre- 
quent transfusions of former days have been 
superseded by the liver diet. But while this 
would appear to be a loss to surgery, we have 
the counterbalancing fact that diabetes is no 
longer a handicap to the patient requiring surgi- 
cal aid. It has also been foimd that Raynaud’s 
disease and Buerger’s disease, once thought to 
be entirely in the field of medical treatment, are 
subject as weU to certain surgical aids. 

The manner in which the physicist can be of 
aid to the surgeon is well illustrated by the intro- 
duction of the artificial voice-box. In cancer op- 
erations which require the removal of the larynx, 
the patient in the past has been condemned to 
silence for the remainder of his life. Removal 
of the larynx means removal of an essential part 
of the voice mechanism. Now an artificial larynx 
can be used and the patient can speak clearly 
and loudly. It is even possible for such an 
individual to address successfully a large 
audience. 

The cause of cancer has long baffled medical 
science, and altho some unanimity of opinion 
regarding its cause seems gradually being 
arrived at, no form of medical treatment has as 
yet been found. The field of cancer cure is left 
to the surgeon and to treatment by x-rays and 
radium. Of these methods, that of the surgeon 
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(Seems at the present time to hold the major 
place. If taken in time, this method has proved 
successful. 

Every now and then we note in the press some 
reference to a startling achievement of surgical 
science. We read of rejuvenation by surgical 
operation, or even of revival of the dead. What 
is there to these startling claims ? Have they any 
basis in fact? The answer must be of the “yes 
and no” variety. Let us see. 

The human body does not wear out all at once, 
cease to function, and collapse. Certain vital 
parts may cease to function ; the other parts may 
still be quite capable of carrying on their duties. 
Suppose, for example, the heart stops beating. 
We are reaUy no more dead from this than we 
R^ould be if an arm suddenly became paralyzed. 
It is not because the heart stops that we die, but 
because it causes death of the other organs by 
its failure to function. The paralyzed arm would 
not have done this. If the heart-beat can be 
stimulated again before death of the other or- 
gans actually occurs, then they willingly con- 
tinue to function. This can often be brought 
about in an otherwise dead person by the injec- 
tion of a heart stimulant. Adrenalin is often used 
for this purpose. Not many years ago such a 
person would have been pronounced dead ; now, 
if the heart can be stimulated to action and the 
CIOOJ 



THE FIGHT FOR LIFE 

cause of its stopping removed, lie may live again 
for many years. 

Likewise surgery now offers the possibility of 
the substitution of a more reliable heart. This 
does not appear to be pdssible by the substitu- 
tion of an animal heart for a human — a process 
which was at one time much before the public 
eye as a possible rejuvenation method, but which 
has failed. The blood at once sets up a reaction 
against the introduction of foreign cells, even 
when they come from the same species. The re- 
sult is that while they function for a short time 
they soon sicken and die. It would appear that 
if we are to make substitutions they must be 
like the larynx referred to above, not mere trans- 
fers of an organ of one body into another ; arti- 
ficial organs must be used. As a matter of fact, 
artificial hearts have been made and have func- 
tioned successfully over long periods of time. 
Dr. 0. S. Gibbs, of Dalhousie University, has 
been able to place rubber hearts in cats by sur- 
gical operation. These hearts are in the nature 
of rubber pumps, and their sole function is to 
keep the blood in motion, apparently all that is 
necessary for a heart to do. 

“Whether or not such hearts shall ever be 
used in human beings to replace defective ones 
is a matter of speculation outside the field of 
this book. It would appear, however, that an in 
dividual afSieted with heart trouble and know- 
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ing that his heart may cease to function at an"^ 
moment might he willing to use such a device 
to prolong his years. 

Interesting experimental work has been done 
in the revival of such organs as the kidney, 
liver, heart, and even the brain, after removal 
from the body by operation, aU of which may 
eventually contribute immeasurably to the possi- 
bilities of surgery. Chief among the workers in 
this fascinating field are Professor Feodor An- 
drieviteh Andrieve, a Russian scientist, and his 
assistant, Dr. S. S. Brunkhanenko. The latter has 
actually been able to keep alive the head of a 
dog severed from the animal and supplied with 
artificial blood from an artificial heart. For 
three hours the head of the dog is reported to 
have had every indication of life. It swaUo'^ed 
cheese, rejected acids, and moved its eyes. Tnis 
is no more surprizing than the jerk of a severed 
frog’s leg when touched by a high voltage wire. 
The nerves are still capable of reaction even 
tho the rest of the animal is dead. 

But just what does this mean to the surgeon ? 
It does not mean, of course, that he can com- 
pletely disassemble a patient and leave the parts 
lying around until he gets ready to put them to- 
gether again, as a garage mechanic would treat 
an automobile. It does, however, offer the possi- 
bility of substitution of parts, just as a voice- 
box may be substituted for a larnyx, as a man 's 
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skull may be replaced by a platinum one, and so 
on. It also offers the eventual possibility that 
parts may be temporarily removed for close ob- 
servation. Surgery is in an interesting state of 
development. 


UltroViolet Light 

Probably there has been no more important 
development in medicine of recent years than 
the introduction, study, and use of the ultra- 
violet. No sooner were its beneficial effects in 
the case of rickets discovered than its effects on 
the system in general were determined, the re- 
sults of eating food radiated with this ray in- 
vestigated, and finally the exact chemical sub- 
stance in the food responsible for this effect iso- 
lated. Ultra-violet has become a fad almost over- 
night. 

There are those who question the advisability 
of the use of an unknown tool of this sort to 
such a wide extent without its having been 
tested by time. They point out the ill effects 
which attended the early use of the x-ray by 
physicians who had no knowledge of its dangers. 
On the other hand, we are reminded that there 
is nothing in the ultra-violet light which is not 
present to some degree in ordinary sunlight. 
This cannot be said of the x-ray. But why, they 
ask, take healthy individuals and subject them 
to a ray the intensity of which has not previ- 
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ously been applied to man? The fact is that 
while the intensity is large it is never used over 
long periods of time. The likelihood is that man, 
in his primitive state, was subjected to much 
greater exposures. With our artificial modes of 
life, our clothes, our buildings, and our smoky 
cities, this health source has, for most of us, 
been largely cut off. We must take our supply 
in short, intense doses. When not taken in ex- 
cess, it is the general opinion of the medical 
profession that these treatments are decidedly 
beneficial. 

To quote the eminent English authorily, Pro- 
fessor Leonard Hill, M. B., P, R. S. : “Mist, 
smoke, pollution, glass windows, walls and roofs 
and clothes cut out the sunlight and deprive us 
of the effect which the sun naturally exerts on 
naked wild men and animals — ^for example, on 
ergosterol, which, eaten in the food, is present 
in the sldn, and there awaits activation into 
vitamin D by sunlight.” After pointing out the 
value of these rays in the prevention of rickets, 
along with which goes decay of teeth, liability 
to catarrhal and low infections, and so on, he 
further sums up the value of aetinotherapy as 
follows : 

“The damage of the living cells in the skin 
produced by sunburn provokes secondarily a 
local hyperemia, oedema and leucocytosis, fol- 
lowed by desquamation and pigmentation. The 
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inflammatory reaction increases the power of the 
blood to kill staphylococci as tested in vitro. 
In some way, as yet unexplained, it provokes a 
better feeling of health and vigor, hut overdos- 
age may have the opposite effect. The inflamma- 
tory reaction helps the skin to recover from in- 
fections such as lupus. This terrible disease is 
cured by local and general light baths. Surgical 
tuberculosis is benefited by light and open air.” 

But it is no longer necessary to eat food con- 
taining ergosterol and wait for its activation 
into vitamin D by sunlight. The food itself, or 
even the extracted ergosterol, can be activated 
directly by ultra-violet light and then taken into 
the system. This material is so potent that a 
mere speck ot it taken each day is sufficient to 
prevent rickets. A speck is as potent as a few 
pounds of cod-liver oil. Irradiated foods, sun- 
shine pills, and so on, are becoming the vogue, 
and there appears to be little if any evidence 
that the effect on the ^stem is anything but 
beneficial. 



VII 

MAKING MAN TO ORDER 

The Biddle of Heredity 

“There’s a divinity that shapes our ends, 
rough-hew them how we will,” states only part 
of the truth. There is certainly a power which 
is mostly responsible for shaping our ends, but 
which nevertheless can be somewhat influenced 
by the rough-hewing process. This is the equiva- 
lent of saying that we are subject to two forces 
' — ^heredity and environment. A knowledge of the 
manner and degree in which both of these fac- 
tors are operative is of the utmost importance 
to man. 

Let us first consider heredity and see with 
what facts science has been able to present us. 
Heredity follows a single great law, upon which 
all our knowledge of the subject is based. This 
law, known as the Mendelian Law, was discov- 
ered by an Austrian monk, Gregor Johann Men- 
del, in 1865, as the result of his observations on 
sweet peas. It is applicable to aU animal and 
plant life. It is interesting to note that, pub- 
lished in an obscure journal, it lay buried, un- 
known by the world’s scientists, until 1900. 
During that interval they were largely groping 
in the dark. 
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This law recognizes in each individual’s make- 
up both dominant and recessive characteristics ; 
the color black, for instance, is dominant over 
red in Aberdeen Angus cattle. The law can best 
be described by an example. Let us assume that 
two people mate, the one having blue eyes and 
the other brown; the brown eyes being a domi- 
nant factor and the blue eyes recessive. Then, 
according to the Mendelian law, the offspring 
will have brown eyes, the dominant characteris- 
tic. At the same time, however, this person will 
possess the ability to transmit either of these 
characteristics to his or her offspring. It will be 
found that three-quarters of the offspring of this 
second generation wUl have the dominant char- 
acteristic, brown eyes, and the remaining quar- 
ter win. have blue eyes. 

Now, what may we expect to find in the off- 
spring of the third generation? If two of these 
members, showing the recessive characteristic, 
are bred together, the subsequent generations 
win carry this hereditary factor, blue eyes, con- 
stantly. If those members of this generation 
which show the dominant characteristic are ob- 
served, it win be found that one-third of them 
produce purely dominant offspring, whfie the 
remaining two-thirds wUl go on producing the 
same proportion of recessive, pure dominant, 
and hybrids that were produced by the third 
generation. 
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Thus, if we know the dominant from the reces- 
sive characteristics, we can predict the results 
of any mating. We know that the offspring of 
the first generation will have only the dominant 
characteristics. We know that the second genera- 
tion will he three-quarters dominant and one- 
quarter recessive. We know that the next genera- 
tion will be divided so that one-third of them 
are capable of transmitting the recessive charac- 
teristic only, that one-third of the remainder 
will be capable of transmitting the dominant 
factor only, and that the remainder will have the 
same powers as had their parents; their off- 
spring win be divided just as was the parents’ 
offspring. The importance of the knowledge of 
this law to humanity can hardly be overesti- 
mated. It is essential to any intelligent approach 
to a solution of the riddle of heredity. The study 
of heredity is reduced to a scientific basis. 

Blue-Prints for the Next Generation 

But science has gone farther than this. It has 
been satisfied with nothing less than knowing 
how these heredity factors are transmitted. It 
has gone into the germ cells themselves and has 
discovered exactly what it is in these cells which 
is responsible for hereditary transmission. In 
aU plant and animal life it has been found that 
the reproduction cells contain a number of small 
microscopic rod-like bodies. These are called 
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chromosomes. The number of these chromosomes ' 
in any partieular cell depends upon the plant or 
animal to which it belongs. In general it can 
be stated that for any particular species the 
number is always the same, but to this there are 
many exceptions. In some eases the number is 
quite variable. In man the number of chromo- 
somes is always twenty-four. 

When a mating takes place, each of the fer. 
tnized cells will again contain twenty-four chro- 
mosomes. Half of these will have been contrib- 
uted by the male and half by the female. Thus 
it is not possible that the offspring may partake 
wholly or in major part of the characteristics 
of the one or the other of its parents. It must 
partake of the characteristics of each. Nor should 
it be imagined, if this is true, that brothers 
should have characteristics necessarily alike. 
There are an enormous number of ways in whieh 
chance might select twelve each out of two 
groups of twenty-four things. That two brothers 
should be bom of selections of the same identical 
chromosomes from each parent is possible, but 
they would so closely resemble each other as to 
make it difficult if not impossible to distinguish 
the one from the other. This is the case of iden- 
tical or one-egg twins. Such twins are the result 
of the splitting of an egg after fertilization, and 
the individuals should therefore have the same 
group of chromosomes. That they are as like as 
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two macliiiies made in a factory from the same 
blue-prints is evident to any one who has known 
such individuals before the factor of environ- 
ment has entered in to affect the one or the other 
noticeably. 

Some striking work in this field has been done 
by Dr. Arthur M. Banta, of the Carnegie In- 
stitution of Washington. He has made an ex- 
haustive study of water fleas. These animals, like 
a few other forms of life, have the ability to pro- 
duce young without the necessity of the egg being 
fertilized by the male. Dr. Banta has studied 
nearly nine hundred generations of these fleas, 
all produced from their parents without egg 
fertilization. Each generation can have only 
the same set of chromosomes. In aU this time no 
new chromosomes have been introduced. The last 
member of this long line of descent has the 
same kind of chromosomes as the first. Through- 
out, each member of this family has been as 
much like all the others as identical twins, 
daughter like mother, grandmother, great-grand- 
mother, and so on. 

But an individual has more characteristics 
than can be represented by twenty-four chromo- 
somes. It is obvious that these bodies must each 
have wrapped up in it the possibility of trans- 
mitting, in whole, a large number of character- 
istics. Each factor contained in the chromosome 
is called a gene and is thought to consist of a 
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bundle of atoms or molecules. With each gene 
some particular trait is identified, but to the 
present time it has been found next to impossible 
to associate particular traits definitely with par- 
ticular genes. In a few eases of plants, where 
chromosomes with similar ends have been found 
in two varieties, identification or rather local- 
ization of the gene has been possible. In this 
case the fact that both varieties possess one gene 
in common makes it probable that the charac- 
teristic associated with that gene should occur 
twice as often. This can, of course, be observed. 

When it is possible to associate these charac- 
teristics with particular parts of the chromo- 
somes, the possibility of making an individual 
to order is evident. To do such a thing in prac- 
tise, however, is far outside the probable. Cer- 
tainly in the higher forms of life it is impos- 
sible to imagine that it can ever be done. 

Speeding Up Evolution 

But certain and definite tho the foregoing ex- 
position of the process of heredity may seem, it 
is, in fact, far from it. Nature has a way of 
occasionally completely fooling us, leaving us 
quite baffled. Every once in a while, not often, 
something goes wrong; an entirely new and 
previously unknown trait is introduced. There 
may be no trace of criminal traits in the entire 
family tree of either parent, and yet a criminal 
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is produced. Perhaps, -in the other direction, 
those of a low degree of intelligence may pro- 
duce a genius. In Dr. Banta’s water fleas, with 
no opportunity of a change in a chromosome 
pattern, there was suddenly produced an indi- 
vidual with a different shaped head which per- 
sisted in the succeeding generations. When such 
a thing happens under observation it is of the 
utmost importance to science. We are witness- 
ing evolution at work. Such a change is called 
a mutation. 

When a mutation occurs it may be for the 
good or the harm of the race. It may produce an 
individual more or less adaptable to its en- 
vironment. In the latter case the individuals are 
better able to cope with hardships than are the 
other members of the race, and this group will 
persist while their less fortunate brothers wfll 
perish. For one useful mutation it is probable 
that a hundred or more useless ones wiU like- 
wise have taken place. 

Just what causes these mutations is stiU a de- 
cided mystery. We can only guess. Evidence, 
which directs our guess somewhat, suggests that 
it must be due to some rearrangement of the 
molecules or of the atoms, or even a change in 
the internal structure of the atoms themselves. 
This latter suggestion seems at present to be 
the most likely of the three. It is based upon 
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tlie recent work of scientists in wkich tliey have 
been able to produce mutations at will. 

This exceptional feat has been found possible 
by irradiation of the sex cells of both plants 
and animals with either x-rays or radium. In 
this way animals or plants can be produced at 
wiR which possess characteristics wholly differ- 
ent — different in a marked degree — from those 
of either parent. In this way evolution can be 
speeded up. But one should not anticipate that 
we can in great measure improve animal life at 
will and immediately. As has already been said, 
but few mutations are useful mutations. In gen- 
eral the method may be said to produce mon- 
sters. 

That the mutations produced in this way arij 
due to a change in the internal structure of the 
atoms themselves we have grounds for believing. 
In the study of the structure of matter by physi- 
cists the x-ray is used for the very pmpose 
of altering the atomic structure; and it never 
fails. If the biologist is ever to study the modifi- 
cation of cells by this method with anything like 
the detail that physicists have used, he is up 
against a much more difficult problem. He has 
the ever-present difficulty of avoiding killiug 
the ceU, an obstacle to exact measurement which 
the physicist does not encounter. 
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Effect of Environment 

Wlietlier heredity or environment is the 
stronger factor has often been debated. Both 
are of great importance. In thinking of en- 
vironment we must, of course, think of it as 
operating over a long period of time, for genera- 
tions. In this ease its significance is obvious. 

Dr. Arthur M. Banta has studied this factor 
in water fleas under various conditions. These 
insects, under favorable summer conditions, pro- 
duce only female offspring. In the fall, however, 
when the waters of the ponds recede and food 
becomes scarce, males are produced. Experiment- 
ing in the laboratory, he has found that the pro- 
portion of males to females can be varied at will 
by controlling the conditions. He has found that 
such factors as crowding, food shortage, and so 
on, have the effect of producing males. The fer- 
tilized eggs are hardier and more capable of 
withstanding adverse conditions and conse- 
quently are to be preferred for the perpetua- 
tion of the race. Cold, drugs, anything that tends 
to reduce the metabolism of the female, will pro- 
duce a predominance of male offspring. 

The relation between environment and hered- 
ity is clearly shown in goitrous families. The sus- 
ceptibility to this disease is a heredity factor, 
but the ^sease will not be brought out except 
by factors of environment. It will be brought 
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out by a deficiency of iodine in the diet. Goitrous 
families living in the Great Lakes Region, -where 
the water does not contain iodine, have always 
suffered from this disease. It was not until this 
cause was determined that much could he done 
for them. Now the disease can be prevented by 
supplying the missing environmental factor in 
other ways. It is frequently added to the diet in 
the form of iodized salt. 

A certain kind of idiocy, kno-wn as cretinism, 
is likewise an environmental problem. It has 
been found to be due to inactivity of one of 
the glands, the thyroid. Feeding a cretinous 
child the extract from the thyroid gland of an 
ox has been kno-wn to restore it to a normal con- 
dition. This single environmental factor is ex- 
tremely important. No less so is any factor af- 
fecting another gland, the pituitary. The pitui- 
tary gland, situated at the base of the brain, 
produces the hormone, a chemical substance, 
which is responsible for the development of an 
animal to maturity. Taking this hormone from 
mature rats and injecting it into infant rats, 
they become mature in eight or ten days. Hor- 
mones are largely responsible for the growth, 
development, capacity, and health of the indi- 
vidual. 

Dr. John Munroe, of Long Island University, 
has made extensive tests over a number of years 
of the effect of food on the mentality of school 
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children. He has shown conclusively that this 
is a major factor. He has found that in poor 
families an increase in the number of children 
results in a decreasing mental capacity in the 
younger ones. As family circumstances become 
more straitened, and the food poorer, the chil' 
dren do not develop mentally. In families of 
means, he finds, the younger children are as 
bright as the older. He has also carried on 
feeding tests with brothers and has been able 
to obtain definite results in a great number of 
cases. 

You cannot make a fast animal from a plow 
horse merely by stabling him with thorough- 
breds, feeding him the same way, and in gen- 
eral giving him the same treatment. He will 
never equal the pace set by his stable com- 
panions. He will probably become, however, 
much faster than other plow horses. 

Control of Sex 

Can we control sex ? That is always a question 
that parents wish answered. They would like 
to know that a boy or a girl, as the case may 
be, could be assured to them. Unfortunately for 
their hopes, science eaimot as yet give them any 
comfort. Sex can be controlled, or even trans- 
formed, in some animals and birds, but in man 
— not yet. 

The sex of the individual that wiU be born 
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of a particular egg fertilization depends either 
upon the kind of egg fertilized or upon the 
kind of sperm cell which fertilizes it. In some 
cases there are two kinds of eggs and one kind 
of sperm ceU, as in some birds; or as in the 
case of man, there may be two lands of sperm 
cell and but one kind of egg. When thousands 
of each kind of sperm cell are produced at each 
union of male and female, it is obvious that 
whether a male or female is produced is entirely 
a matter of chance. The only hope of sex control 
here would be in the possibility of separating 
out the particular sperm cell to do the fertiliz- 
ing. Such a chance is very remote. 

In the case of frogs and birds, which produce 
their eggs in a convenient form for experimen- 
tation, much has been done. It has been found 
that an egg which would produce a female frog 
if developed can be made to produce a male frog 
by making it undergo early development at high 
temperatures. If low temperatures are used the 
reverse will be the case. Males may also be pro- 
duced by allowing the eggs to become overripe 
before fertilization. 

In pigeons it is possible to produce only males 
by suitable mating. If two entirely different 
species of pigeon are mated, only males will be 
produced. This, in the human race, would corre- 
spond to mating a human with an animal as 
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different from it as the gorilla. It is not a likely 
or desirable method, so far as humanity is con- 
cerned. Yet, while in general it is not possible 
to predetermine the sex of a bird, it is often pos- 
sible to change the sex after the animal has been 
born. Female chickens have always a good left 
ovary and a minute and disappearing right 
ovary. Now, it has been found that if the good 
ovary on the left is removed, the right ovary 
begins to develop. But it develops in a remark- 
able and unexpected way. It turns around and 
becomes, not an ovary, but a testis. The whole 
sexual apparatus then develops into the male 
system, and the bird, formerly a female, becomes 
a male and functions in its adult stage as a 
male. Other methods of accomplishing this ap- 
parent miracle are also known. 

It has been observed that whatever tends to 
produce males is accompanied by an increase in 
the metabolic rate, and whatever tends to pro- 
duce females by a decrease in this rate. This has 
led to the metabolic theory of sex; the sugges- 
tion that the rate at which the life process goes 
on is the sex determiner. According to this 
theory sex might be ultimately controlled by 
controlling this one factor. And here we seem to 
have the most hopeful of the methods which 
might eventually prove applicable to human be- 
ings. It would appear that control of metabolism 
might be affected by such things as temperature, 
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air supply, and. so on. Thus it may be possible, 
in some measure, to control sex. 

That there are at the present time border cases 
amongst humans is well known to all. These un- 
fortunate individuals do not have their sex 
definitely determined. Many would welcome any 
treatment which might in any way tend to fix 
their sex characteristics. Biologists working on 
this problem constantly receive communications 
from these unfortunates. Perhaps some day their 
problems ma3' he met, but at present it cannot 
be said that such a consummation is in sight. 
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VIII 

THE STRUCTURE OF MATTER 

Molecules and Atoms 

Undoubtedly one of the hardest nuts to eraclf, 
for the beginner in modem physics, is the true 
conception of the molecular structure of mat- 
ter. It is difficult to conceive the enormous num- 
ber of minute molecules in even the smallest ob- 
tainable particle that the eye can see, even under 
a powerful microscope, and to imagine the ve- 
locities with which these particles are constantly 
moving about and hurtling against each other. 
The idea is not a new one. It is as old as civiliza- 
tion. Certainly the early Greeks had formulated 
a theory of matter similar to this. Democritus 
and his school, in fact, expressed the moderU 
theory almost exactly as we know it to-day. 
Then, however, all was mere speculation. Science 
was a philosophy and was subjected neither to 
experimental test nor to the keen mathematical 
analysis that we know in this age. He who said 
that matter was continuous, therefore, had au 
equal right to be heard. "We can now be certain 
that matter is discontinuous; that the distance 
between particles is in general many times the 
diameter of the particles themselves. To see 
■Jiem with the eye shall ever be denied us. No 
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instrument we may ever expect to develop will 
avail us anything. "We are limited by the nature 
of the eye itself. But there are other kinds of 
evidence more reliable than sight which give us 
our knowledge — evidence which is quite unim- 
peachable. Thus we know that while a board, a 
bit of steel, or some liquid does not present 
visible holes, they are there, nevertheless. There 
is far more hole than board, or steel, or liquid. 
At a distance a forest appears to be a solid mass 
of leaves. On close approach the leaves are found 
to be quite far apart. The same would be true 
of any material if we could reduce ourselves to 
a corresponding dimension and at the same time 
have our eyesight suitably modified. 

Stranger even than the granular theory of 
matter, is the fact that the individual particles 
are moving about with great velocity. Because 
of the numerous bumps with other particles, 
they never get very far. Accordingly the mo- 
tion can best be described as a shivering. Hydro- 
gen molecules, which move with the greatest ve- 
locity of all because of their lightness, actually 
travel at the enormous speed of about a mile a 
second under normal conditions of temperature 
and pressure. Two other familiar gases, oxygen 
and nitrogen, being heavier than hydrogen, 
travel at about one-fourth that rate. 

If we were to examine a few molecules of 
various materials picked up at random, we 
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should find that they in turn were subdivided. 
They might have two, three, four or almost any 
number of parts. These pieces, nest in size to the 
molecule itself, are called atoms. Modern science 
assures us that there are in aU but ninety-two 
of these atoms, or there are but ninety-two ele- 
ments. Of various combinations of these aU our 
familiar materials are composed. These are the 
tools of the chemist. It is with them that he has 
his chief concern. Up almost to the beginning 
of the present century, atoms were supposed to 
be the smallest particles of matter, and indi- 
visible. 

Take, for example, a particle of common salt. 
If we examine one of its molecules, we find that 
it is made up of two atoms. One of these will be 
found to be an atom of the element chlorine, 
which by itself would be an lU-smelling greenish- 
yeUow gas heavier than air. The other atom, 
sodium, is a metal, which, if placed upon water, 
burns with a great sputtering. No one would for 
a moment dream of inhaling the gas nor of eat- 
ing the metal. Yet combined as salt they are 
palatable enough. It is worthy of note that 
these atoms know just how they wish to com- 
bine. If a chemist uses more sodium than is 
necessary for a one-to-one combination of atoms, 
there will be just that amount left over after 
the chemical reaction has taken place. In other 
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cases a two-to-one combination is needed, or a 
three- or four-to-one, 

Man Probes the Atom 

The discovery of the x-ray did many other 
things than make it possible to mend broken 
bones or dig bullets out of doughboys. It gave us 
a new tool with which to probe inside the atom. 
It was early observed that the air in the neigh- 
borhood of an x-ray tube became electrically 
charged. This was at first decidedly baffling. 
Hid the x-ray shoot out charged particles? Or 
did it in some inexplieable manner break the 
particles of air up into charged pieces? The 
latter proved to be the ease. 

At once scientists set out to investigate the 
nature of these charged fragments of air atoms. 
Foremost among them was Sir J. J. Thomson, 
the brilliant English physicist. He found that 
these particles when set in motion could be 
easily deflected by means of either a magnetic 
or an electric field. They behaved in a manner 
somewhat similar to that of a wire carrying an 
electric current. By measuring the deflections 
and the fields causing them, together with the 
voltage used to set them in motion, he arrived 
at the velocity with which they were made to 
move. It was comparable to the velocity of light. 
Even the slow ones moved at as much as 18,000 
miles a second. Similar particles which were 
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obtained from radium actually rreacbed veloc- 
ities as high as 160,000 miles a second. These 
were the so-called electrons, or beta particles, 
as they are called when radioactive materials 
are the source. Further experiments led to a 
knowledge of the ratio of their charge to their 
mass. It remained for R. A. Millikan to measure 
these separately at a later date. 

The measurement of charge to mass at differ- 
ent velocities led to a somewhat startling result. 
It was found that the mass was not constant, but 
increased as the velocity increased, and it was 
not until the relativity theory came to the rescue 
that this result was understood. 

In addition to the electrons, which were at 
once identified and measured as described, there 
was also found to exist another type of particle. 
These latter particles were at first referred to as 
canalstrahlen, because first found streaming 
through a fine hole in a metal part of one of the 
tubes used to study the electrons. At first these 
streams of particles defied aU efforts to bend 
them by means of electric and magnetic fields. 
They were accordingly thought to he similar to 
light rays, and so quite different in nature from 
the electrons. Stronger fields succeeded, however, 
and the streaming specks were identified as posi- 
tively charged particles, oppositely charged to 
the negative electrons. The initial failure to turn 
them in their path had been due to their enor- 
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moTis mass as compared to the electrons. They 
were found to be about 1,800 times as heavy — 
equal to the mass of a hydrogen atom. 

A notable advance in the study of these newly 
discovered particles was made when C. T. R. 
Wilson, then a student with Sir J. J. Thomson, 
found that their path could be rendered visible 
by shooting tliem through water vapor on the 
point of condensing. The droplets had a decided 
tendency to condense on the charged particles 
of air left in the trail of the speeding electrons. 
This same fact of eondensation also offered a 
means of measuring the charge of electricity on 
a single electron. By putting a suitable charge 
on a plate held over the water the droplets could 
be made to remain suspended. The method, con- 
sequently, has sometimes been called the Mo- 
hammed’s cofSn method. 

Because of the multiplicity of drops of a 
variety of sizes it was quite impossible to make 
the measurement with any degree of accuracy. 
It was at this point that Prof. Millikan took up 
the study with results that are more or less 
familiar to every oue. He devised a method that 
had all the advantages of that of Wilson, but 
that enabled him to deal with a single drop at a 
time. For his purpose he found an oil droplet 
the most suitable. He was able to observe the 
fall of such a drop under the action of gravity, 
and its rise, due to the application of an elec- 
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trie field on tlie plates between wbicb the drop 
was suspended. Sometimes a single drop was 
kept under observation for as much as six hours, 
and the variations in time of rise as it gained or 
lost electrons was carefully measured. In this 
way he was able to measure the charge on an 
electron with great accuracy, and in fact to 
prove for the first time that such a thing as an 
electron really existed. Up to that time it had 
been thougnt possible that the ratio of charge 
to mass remained constant while both varied. 
No longer could any such thought be enter- 
tained. Millikan paved the way for our modern 
electrical theory. 

Only Tivo Types of Building BlocJcs Compose 
All Matter 

The next great step forward was taken by & 
young man in his twenties — ^Moseley. Moseley 
was kiUed in the earlj’- daj'^s of the war at the 
age of twenty-six, not long after his epoch- 
making discovery. It has been frequently said 
that Moseley’s death was one of tlie greatest 
losses suffered during the war. He had succeeded 
in showing conclusively that all atoms were 
made up of but two building blocks, positive 
and negative particles, electrons and 'protons. 
He had fulfilled an old, old dream of all physi- 
cists and chemists — ^that of reducing all sub- 
stances to mere differences in architecture. Thus 
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our ninety-t-wo elements became but different 
arrangements of two kinds of electrified par- 
ticles. Iron differs from the air we breathe only- 
in the number and arrangement of these parti- 
cles; air differs from water, or from gold, or 
from platinum only in this one respect. The 
significance of such a contribution needs no 
elaboration. Moseley has left a great monument 
to himself that will endure as long as civiliza- 
tion itself. 

• One may well demand to know how such an 
achievement was brought about. The answer is, 
through the agency of the x-ray. Moseley used 
the x-ray spectrometer, which w’as already devel- 
oped by others, for his purpose. X-rays are pro- 
duced whenever an electron moving at high 
speed hits a target. The effect is somewhat anal- 
ogous to hitting a wall with a ball. The energy 
of the ball is lost, but in its place sound is pro- 
duced. In Moseley’s work the analogy is more 
truly expressed by replacing the waU by a caril- 
lon, each bell — and we will assume there are 
ninety-two of them — representing an electron. If 
a ball hits one of these a sound characteristic of 
that particular bell is produced. So when an elec- 
tron hits a particular kind of atom an x-ray 
characteristic of that particular atom will be 
produced — provided, of course, the electron had 
enough energy. The characteristic x-ray wave- 
lengths thus produced follow a scale, very much 
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as do tlie notes of a musical instrument. Prom 
sucli data he arranged aU the atoms in the order 
of decreasing x-ray wave-lengths, beginning 
with hydrogen as one and ending with uranium 
as ninety-two. This is called the atomic nrunber 
arrangement. It differs from the order of atomic 
weights in onty a few instances. The atomic 
number of an}'- element is equal to the number 
of electrons in the atom outside the nucleus. 
As these are the binders, the so-caUed valence 
electrons, which are responsible for chemical 
combination, the atomic numbers are of much 
greater importance to the chemist than are the 
atomic weights. The exact reasoning whereby 
Moseley was able to identify his x-ray wave- 
lengths with a particular arrangement of elec- 
trons and protons is much too involved to find 
a place outside of treatises devoted to such 
subjects. 

Is Light Done Up in Bundles? 

Before we can attempt to go into the matter 
of actual arrangement of the atomic building- 
bloeks, we must retrace some of our steps. "We 
have been talking much too glibly about wave- 
lengths, when, as a matter of fact, we are far 
from certain that any such things exist. In the 
early days of the study of light, two theories 
existed — the wave theory and the corpuscular 
theory. One held that light consisted of waves, 
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the other that it was made up of small particles. 
The latter view was supported by no less a 
person than Newton. Developments for a time 
completely discredited the corpuscular theory. 
Any early twentieth century physicist would 
have told you unhesitatingly that light was a 
pure wave phenomenon. But about this time, 
when all was smug, scientists began to inquire 
too closely into the distribution of energy from 
a perfect radiating body. Such a body, usually 
referred to as a black body, does not give off an 
equal amount of energy in the various wave- 
lengths, but follows a mound-shaped distribution 
curve. Attempts to explain this on the classical 
theories turned out to be futile. 

At this point Planck introduced the quantum 
theory. According to this hypothesis, all radiant 
energy consists of bundles of energy called 
quanta, the size of which corresponds inversely 
to what was formerly called the wave-lengths. 
Confusing tho it may be, it seems impossible 
completely to divorce the idea of waves even 
from the quantum, and we are inclined to think, 
despite its apparent inconsistency, of a quantum 
as having a wave associated with it. Fortunately 
for our peace of mind, modem experiment is 
tending to show that this position is, after all, 
justified. We are beginning to see that this fun- 
damental speck of energy has properties of 
both wave and particle. Stranger still, we now 
G. K. ni — 5 CI293 
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liave evidence that the electron, long regarded 
strictly as a particle, has also wave character- 
istics. This may yet lead ns to the conclusion that 
the fundamental unit of energy, the funda- 
mental speck of matter, and the fundamental 
unit of electricity are all one and the same 
thing. 

The quantum theory, while devised to account 
for the shape of the radiation curve, at once 
proved useful in the study of the structure of 
the atom. Whenever a material is excited to 
radiation, as by heating to incandescence in the 
ease of a solid or by exciting with an electrical 
discharge in the case of a gas, it gives off light 
characteristic of itself. WThen this light is split 
up into its component colors it forms what is 
known as the spectrum of the substance. It is 
the thumb-print of that particular material. 
Nothing else will have the same spectrum. 

Each of the colors in the spectrum is referred 
to as a line, for they exhibit themselves merely 
as lines in the ordinary photograph of the spec- 
trum. Study of these lines in the simpler ele- 
ments — ^hydrogen, for example — ^has shown that 
they follow a definite plan ; that the wave-lengths 
can be fitted into a mathematical formula, which, 
by the substitution of the proper constants', will 
give the wave-lengths of each of the lines which 
the substance is capable of producing. 

It is not a far step to imagine that these lines 
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or colors must in some way be connected with 
the arrangement of the parts of the atom, but 
just how is not so easy to determine. Many scien- 
tists have attempted to correlate these lines with 
atomic structure, but at present none of these 
theories is accepted as final. Until recently, the 
generally accepted theory was that of Bohr. Cer- 
tain shortcomings were of course recognized, but 
it was more or less expected that further re- 
search would clear up some of the mystery. In- 
stead, further research has tended to make the 
theory more and more untenable. The discovery 
which has associated a wave form with the elec- 
tron has been the most damaging to the Bobr 
theory, and has pointed most favorably to a 
more recent theory based on what is called wave 
mechanics. 


'Atomic Architecture 

The Bohr theory, still extremely useful for an 
understanding of modem physics, is, briefly, 
somewhat as follows: Each atom is considered 
to be what in some respects corresponds to a 
miniature solar system. There is a central posi- 
tive nucleus which corresponds to our sun. 
Around this revolve the electrons. The nucleus is 
a massive affair. It is here that aR the measur- 
able mass of the atom is to be found. It con- 
sists, in the case of hydrogen, of a single proton. 
In all other atoms it consists of several positive 
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particles bound together by electrons. Thus 
helium, the next simplest atom to hydrogen, 
has four positive and two negative particles in 
the nucleus. The electrons outside of this nucleus 
revolve on orbits which are elliptical, being but 
slightly off circular paths. For a particular Mnd 
of atom these orbits are very definitely deter- 
mined. There are a limited number of possible 
orbits. If for any reason an electron leaves one 
of these orbits it wiU reappear on another. There 
is no possibility that it may revolve midway be- 
tween two of these preferred orbits. Just why 
these orbits are so definitely fixed has always 
worried the proponents of this theory. 'We can- 
not say why this is so. We can only say that all 
the evidence points to it as a fact. If it were not 
so we should never have definite spectra asso- 
ciated with different substances. Each substance, 
when rendered luminous, would produce a con- 
tinuous band from one end of the spectrum to 
the other, if indeed it produced any at all. 

This, of course, suggests a question. How is 
radiation produced by an atom ? Our theory teUs 
us that radiation is given off from an atom 
every time an electron leaves its orbit for one 
nearer the nucleus. When it does this it loses 
some of its energy, and it is this energy which 
is thought to produce the radiation. Thinking 
back to the quantum theory, we have an ex- 
planation for this. This sudden loss of energy 
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gives us tlie amount of energy bound up as a 
quantum. Thus the size of tbe quanta given off 
from tbe atom depends upon the arcbitecture of 
the atom, and as no two elements have the same 
configuration no two wiR produce the same spec- 
trum. By their quanta you shall know them. 

"Where is the electron while it is going from 
one orbit, or energy level, to another? And just 
how does it bundle up the energy and send it out 
always with the speed of light, 186,000 miles a 
second ? Pew have attempted to hazard a guess, 
and their guesses are of little value. We have 
quite insufficient data to make speculation at all 
justifiable. 

The more modern wave theory of the atom is 
almost purely mathematical. It is difficult to 
draw a physical picture of the atom based on it. 
Perhaps on this theory the atom can best be 
described as a series of nebulous charged shells 
surrounding the nucleus, the density of each 
shell fading off in each direction along its radius. 

Transmutation of the Elements 

One cannot leave the subject of atomic struc- 
ture without a consideration of radioactivity. 
Here we find a mass of heavy, complicated atoms, 
such as uranium, gradually disintegrating, be- 
coming one substance after another, until it 
finally becomes lead. It is natural transmutation. 
This occurs through a natural expulsion of posi- 
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tive particles from the nucleus in the form of a 
so-eaUed alpha particle (which is nothing more 
than a helium atom minus two of its electrons) , 
or through the expulsion of an electron from the 
nucleus, the electron in the latter case being 
called a beta particle because it was not at first 
identified. 

As the material is changed from one substance 
into another, one of the interesting things is the 
length of life of the different forms. Only one- 
half of some substances is transmuted over a 
period of millions of years. Other substances are 
changed completely in a few seconds. Radium 
has a half-life period of about 1,700 years. At 
the end of 1,700 years half of whatever you had 
at the begiuning of that time will be gone. A 
radium atom endowed with human intelligence 
would never believe such a disintegration possi- 
ble. While we, with millions of atoms in the 
tiniest speck we can obtain, always find many 
particles being thrown off, from the atom’s point 
of view it might live for centuries with never one 
of its neighbors exploding. The atom would be- 
lieve it as improbable as we would believe a 
miracle which only one man had seen and whose 
veracity was far from noteworthy. 

One may justifiably wonder how it is possible 
to determine the half-life period of a substance 
which lasts for centuries. No one has lived long 
enough to measure it, and in any case radio- 
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activity -was only discovered at the close of the 
last century. It is done by counting the number 
of particles which are given off in any one of 
several ways; by observing the flashes as they 
strike a fluorescent screen, by computing the 
number from the heat effect, or by noting the 
change in current produced in an ionization 
chamber. With these data and a knowledge of the 
total number of atoms present, known from the 
usual chemical data, one can determine the rate 
of disintegration and hence the time required 
for half the material to be used up. 

If we have transmutation taking place in the 
radioactive elements despite any attempt that we 
are capable of making to stop it, is it not possi- 
ble, then, to produce transmutation in the lighter 
elements if we give them some assistance? This 
can be done. 

Rutherford, by bombarding nitrogen with 
alpha particles from radium, was able to pro- 
duce hydrogen and helium. Further research 
proved that the same could be done with several 
of the light elements. In the case of the inter- 
mediate atoms, however, nothing has been done. 
Thus far it seems hopeless to try to transmute 
these elements. This is unfortunate, for the 
group of intermediate substances includes the 
metals which it has always been man’s desire to 
transmute. It would be of great advantage to us 
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if we could transmute these, but onr only hope 
now is that our theory may be wrong. 

A Ton of Baditm 

Some time ago one of the products of radio- 
active disintegration was produced artificially. 
Lenard succeeded in getting electrons, produced 
by a high voltage in a vacuum, out into the air. 
He shot them through a thin metal window. 
Recently Dr. W. D. CooUdge, by using higher 
voltages and thinner windows, has succeeded in 
getting a copious supply of these electrons out 
into the air. He used voltages as high as 900,000 
volts. It is estimated that if he could build a 
tube to operate on 3,000,000 volts it would be 
equivalent to a ton of radium. As voltages as 
high as 5,000,000 volts are now available, it re- 
mains only to construct a tube capable of with- 
standing this high potential difference. Doubt- 
less it will eventually be accomplished. When it 
is, we shall have at our command a powerful 
medicinal tool whose uses can at present be no 
more than vaguely guessed. 

The whole theory of the structure of matter 
is in a decided state of flux. Theories of to-day 
suggest experiments to be tried to-morrow. They 
in turn suggest modifications of the theory, 
which may lead to a wholly new line of thought 
and to another theory hardly capable of identi- 
fication with the first. Thus modern science 
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moves on, always changing, always advancing to 
new truths. There is a danger that before this 
is in print it may he altered in some respects by 
new discoveries. The present sketch will serve, 
however, to give a reasonable picture of twen- 
tieth century physics. 

What Is Light f 

The subject of radiation is rather compre- 
hensive. It includes in its scope all ether-wave 
phenomena, beginning with radio waves on the 
one hand and ending with the minute cosmic 
waves on the other. Between these limits come 
the infra-red, our principal heat-bearing waves 
(sometimes called heat waves), the visible light 
to which our eyes are sensitive, the ultra-violet 
so much in the public mind recently because of 
its therapeutic value, and finally x-rays and the 
gamma rays from radium. These range all the 
way from wave-lengths of thousands of meters 
down to those so short as to be of sub-atomic di- 
mensions. It is, of course, impossible to put 
definite limits on these ; to say where one begins 
and the other leaves off. "We frequently call the 
same waves infra-red or electromagnetic (radio) , 
depending on the method of detection. If it is a 
method common to the radio field, we call the 
waves electromagnetic. If it is one usually em- 
ployed in making measurements in the infra-red, 
we call them infra-red waves. Were it not for 
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the various manifestations wliicli are peculiar to 
certain -wave-len^la regions, and tlie discovery 
and measurement of these independently, aU the 
waves we are talking about should have been 
called by the same name, probably electro- 
magnetic waves, as they aU actually are. There 
is no difference from one end of the spectrum to 
the other except in wave-lengths. 

We have already had some discussion con- 
cerning the relative merits of the quantum 
theory as opposed to the wave theory. In general 
the former may be said more nearly to fit the 
facts for short-wave-length phenomena and the 
latter for long-wave-length phenomena. Thus 
x-rays and the ultra-violet lend themselves to 
explanation on the quantum theory, while radio 
phenomena are almost always described in terms 
of waves. 

Perhaps the outstanding argument in favor of 
the quantum theory is the photoelectric effect. 
When radiation strikes a metal, particularly 
one of the rare earth metals, such as sodium or 
potassium, it frees electrons from the metal. The 
astonishing thing about these electrons is that 
the speed with which they leave the metal is 
entirely independent of the intensity of the light 
which falls on the metal. It may be a candle a 
foot away or a mile away: the electrons are 
driven off with the same speed. Only the num- 
ber of electrons given off differs with distance 
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from the light. The nearer the light, the more 
electrons. This we would expect. But if we try 
to account for this phenomenon by the wave 
theory, we run into considerable difficulty. The 
electron speed is found to depend wholly upon 
the wave-length. The shorter the wave, the 
greater the velocity with which the electrons 
come off. It would appear on the wave theory 
that the electron was only shot off when it had 
stored up the necessary amount of energy. But if 
we assume that the light is equally spread out 
over the metal surface and consider the energy 
which the emitted electron has, we shall find that 
it would require a wholly absurd length of time 
for an electron to acquire the necessary energy 
to he shot off; yet the instant the light strikes 
the metal the electrons begin to leave. We might 
account for this by assuming that these first 
electrons were almost loaded to capacity before 
the light was turned on ; that they, had acquired 
this from previous exposures. We might assume 
that our light was only required to pull the 
trigger, as it were. There is nothing, however, 
in any of our theories of the atom to give us 
any comfort in this assumption. In addition, to 
keep up the supply we should have to have about 
all the energy which falls upon the exposed 
metal surface collected in these expelled elec- 
trons. All would have to collect energy and hand 
it over to these few. If we are to think of the 
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release of energy as due to the light pulling 
some kind of a trigger and dumping the whole 
load, we are also at a loss to explain why the load 
dumped depends upon who puUs the trigger. The 
distance a bullet travels does not depend upon 
who sets off the gun, yet this is the case here. 
Any effort to explain the photoelectric effect 
on the wave theory proves futile. 

Now, on the other hand, let us consider the 
interference of light. A beam of light may be 
split into two beams, which may be brought back 
together again in such a manner as to produce 
darkness. This, on the wave theory, is brought 
about by having them meet in such a way that 
they are a half wave-length apart. To use a 
water-wave analogy, they are recombined in such 
a way that a crest of one wave strikes a trough 
of another. Thus the “upness” of one wave is 
combined with the “downness" of another, and 
a zero motion results. Try to explain this on the 
quantum theory! It requires that you think of 
two bundles of energy coming together and an- 
nihilating each other. We might be able to get 
around this in some manner if it always hap- 
pened. But it happens only when they are com- 
bined after traveling distances that are different 
by definite amounts. It is difficult to conceive 
of a quantum that lias its characteristics altered 
<so markedly by such slight path difference as is 
represented by a half wave-length. Any attempt 
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to explain interference on the quantum theory 
can only prove ridiculous. 

These two phenomena, the photoelectric effect 
and interference, are but two outstanding cases 
where attempts to explain them are confined 
sharply to the one or the other of the theories. 
There are many others. Unfortunately, at 
present we can do nothing about it. We must 
have more experimental data. With this we may 
ultimately hope to reconcile these two viewpoints 
of radiation. At present we can only say that 
each undoubtedly represents a great deal of 
truth, but that neither represents the whole 
truth. 

Mass of Electron Increases with Speed 

One of the most interesting measurements in 
the field of radiation is the measurement of the 
speed of light. Since the beginning of experi- 
mental physics there have been many attempts 
to make this determination. It has been found 
to be about 186,000 miles a second in air, and 
differs, of course, with the medium through 
which it is passing. It is the same in interstellar 
space as it is on the earth. 

Now, in order that a wave should travel there 
must of necessity be something for it to travel 
in. Since interstellar space is apparently quite 
devoid of anything that resembles a medium of 
material such as we are familiar with, and since 
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light travels apparently with undiminished 
energy throu^ distances of thousands of light- 
years, we have been forced to assume a medium 
of travel quite different from anything with 
which we are familiar. This medium has been 
called the ether. It is weightless, colorless, and 
lacks all the properties which might enable us 
to detect it, other than its perfect elasticity, 
which enables it to carry light-waves. 

An important question in regard to this ether 
is its relation to the earth as it travels in its 
orbit around the sun. Does it behave as if it were 
rigidly attached to the earth — with no relative 
motion? Does the earth pass through it as a 
bundle of wires might pass through the air ? Or 
does the ether drag after the earth as molasses 
would drag after a slow-moving paddle ? Michel- 
son and Morley set out to investigate this near 
the close of the last century. They found — and 
their findings have been frequently verified— 
that there was no relative motion between the 
earth and the ether. This was done by measur- 
ing the velocity of light both in the direction of 
and at right angles to the direction of the earth’s 
motion. If there were a drag it should have had 
an effect on the measured velocity of light, much 
like that which one would find in a boat in going 
crosswise or along with the current of the stream. 

The result obtained by Michelson and Morley 
is subject to more than one interpretation. It 
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miglit be looked upon as favorable to tbe quan- 
tum theory, as quanta require no medium for 
tbeir propagation. Other considerations make 
this not tbe best interpretation, however. We 
could assume that the ether is rigid with respect 
to the earth; but if so, other planets and stars 
certainly must move with respect to it. We are 
beyond that stage where we feel justified in con- 
sidering the earth as the most important speck 
in the universe. But how else can we account 
for a failure to observe an ether drift ? There is 
another explanation, but at first it sounds more 
absurd than either of those just suggested. We 
assume that the measuring instruments used by 
Michelson and Morley became shortened in the 
direction of the earth's motion an amount just 
sufficient to mask the effect of a drift which 
actually existed! This is known as the Lorentz- 
Pitzgerald theory of contraction. Experimenters 
have tried various substances; but if this con- 
traction takes place, the substances all contract 
the same amount, as the theory would suggest. 

This theory of contraction gains support from 
measurements on the mass of an electron and its 
variation with speed. It was found that an elec- 
tron increased its mass with velocity in such a 
way that at the velocity of light its mass would 
be infinitely great. Did this mean that all the 
equations giving our usual dynamical relations 
would have to be abandoned in the case of the 
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electron? "Was that an exception to .aU onr classi- 
cal laws? Not if we accept this theory of con- 
traction. For, strangely enough, the order of this 
contraction is exactly such as to offset the in- 
creased mass and so to leave our relations be- 
tween mass, length, and time unchanged. The 
theory was consequently accepted. 

Another victory for this theory has been that 
it is quite in accord with the theory of relativity 
as developed by Einstein. 
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IX 

MAN’S ENEMIES 

Millions a Year for Weeds 

It must be confessed that farmers have many 
troubles. Farm pests cause enormous losses an- 
nually. Of these pests weeds are among the most 
annoying. Their depredations are so quiet, how- 
ever, that they are less noticed than are those of 
insects and birds, for example. Nevertheless, 
they are taking their constant and, in many 
places, increasing toll annually. Many farms 
now abandoned as unprofitable would show a 
profit if this source of loss were even partially 
under control. 

The loss due to weeds is represented in many 
different items. These might be listed as the cost 
of competing with weeds, the cost of cultivation, 
the dockage on inferior grain and seeds, the ex- 
pense of cutting weeds on highways, and miscel- 
laneous losses such as animal poisoning, and 
so on. 

Undoubtedly the greatest loss due to weeds has 
been found to be the direct competition of weeds 
with the cultivated plants, the growing of weeds 
on land prepared and fertilized for useful plant 
growth. The damage reaches into enormous fig- 
ures. Some time ago the Indiana Experiment 
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Station made a survey of these losses for vari- 
ous crops. For corn they found a reduction in 
yield of ten per cent., due to weeds; for tame 
hay, 3 to 16 per cent. ; potatoes, 6 to 10 per cent ; 
spring grain, 12 to 15 per cent.; and winter 
grain, 5 to 9 per cent. Using these figures as a 
basis. Dr. A. L. Stone, of the Wisconsin Depart- 
ment of Agriculture, estimates the annual loss to 
that State from this cause at $25,604:, 998. This 
is a direct loss due to occupation of space by 
weeds which was intended for useful plants. 

If we take the second item of loss, cost of cul- 
tivation, we arrive at another large figure on the 
wrong side of the ledger, which helps to make 
farm relief a national problem. Few farmers cul- 
tivate wholly for the conservation of soil mois- 
ture, but are at the same time striving to keep 
down weed competition. The United States De- 
partment of Agriculture estimates that the cost 
of cultivation is one-sixth of the total cost of 
crop production. One-half of this item is assigned 
to weed control. Thus one-twelfth of the cost of 
production is for weed eradication. In Wiscon- 
sin, according to Dr. Stone, this presents an 
annual bill to the farmers of that State of 
$13,127,775. 

Our next item is that of dockage. Wlienever 
grain or seeds are presented to the dealer, the 
price is lessened if the product is dirty or con- 
tains weed-seed or other foreign matter. With 
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modern methods of harvesting there is little dirt 
or chaff likely to he found in the grain. Any 
foreign matter is almost certain to he nothing 
other than vreed-seed. It is agreed among experts 
that a conservative estimate for dockage is one 
per cent, for grain and ten per cent, for clover. 
On this basis the State of Wisconsin, for which 
figures are available, loses each year, in lowered 
selling price, the sum of $5,298,440. 

Pulling and cutting the weeds on the farm and 
along the highways, as required by law in most 
States, also presents a large figure, even on the 
most conservative estimate. If one allow but five 
dollars a year in farm labor for cutting weeds on 
the farm, and three dollars a year in labor or in 
taxes for cutting the weeds along highways adja- 
cent to farm lands, the total loss due to weeds 
becomes, for Wisconsin, according to Dr. Stone, 
$1,545,152. 

If now we lump together aU such losses as the 
poisoning of farm animals, the tainting of dairy 
products by such plants as wild onion, the nui- 
sance caused by vine-like plants in harvesting, 
damage to animals due to thorns, burs, etc., we 
may safely set down the figure $500,000 as the 
loss due to these various causes. This gives us a 
grand total of $46,076,365 as the loss due to 
weeds in a single State. 

Naturally such a condition is attracting con- 
siderable attention on the part of agricultural 
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agencies. But it must be admitted that the weed 
problem is not diminishing noticeably. Our 
present means of easy communication are adding 
to the problem. Seeds of noxious weeds are now 
carried rapidly over considerable distances on 
tlie wheels of vehicles. It is a lucky farmer who 
does not discover one or more new weeds on his 
farm each season. Here is a problem which will 
test the ingenuity of our best scientists. 

Insect War 

The second great problem of our farmers is 
insect control. This is a problem that in general 
is much more interesting and consequently re- 
ceives much more attention than the weed prob- 
lem. Probably it is because we are inclined to 
think of the insect as having intelligence and 
definitely attempting to bring about the ruin of 
man. The battle between insect and man has long 
been a favorite topic of the speculative writer. 
That there is some possibility of this very thing 
happening cannot be denied. Insects were here 
on the earth long before the advent of man, and 
they may remain after he has left. The insect 
may have much to do with man’s going. 

If one were to attempt to give but a brief 
description of all our harmful insects it would 
fiU a large volume. Consequently we must re- 
strict ourselves to a survey of the methods of 
controlling only a few. 
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In the West the Mormon cricket must be num- 
bered amongst our -worst enemies, and because 
this insect marches in large orderly armies, and 
thus appears to be definitely directing an attack 
on humanity, the methods of fighting it are per- 
haps the most interesting of all. 

The Mormon cricket -was so called because of 
its attack, in 1848, on an early Mormon settle- 
ment near -where Salt Lake City now stands. 
The insects descended upon the colony and 
threatened its extinction. Men, women and chil- 
dren worked until exhausted in an attempt to 
save something of their crops. Finally a flock of 
gulls from Salt Lake appeared and did what the 
farmers had failed to do. Because of this ap- 
parently miraculous salvation, a monument was 
erected to the guUs. Thus first notice of these 
insects came in a romantic manner, and the 
romantic has been associated with them ever 
since. 

At a certain stage of development they begin 
their march straight across country. Why they 
do this no one knows. They wiU often leave a 
perfectly good feeding ground for a compara- 
tively barren country. In their march they travel 
about three-quarters of a mile per day. They 
climb over large obstacles in their path, and will 
even go over a house or ham in preference to 
going around it. They can climb anything but 
a smooth hard surface. 

ri493 



OUTLINE OP SCIENCE 

One of tLe best methods of heading off the 
march is to construct tin fences, a foot or so 
high, across the path. These are of smooth tin, 
and inclined slightly. The insects cannot climb 
this. Often ten or twelve miles of such fence is 
used. At intervals along the fence excavations 
are made and lined with tin. The insects trapped 
in these are sprayed with gasoline and burned; 
They are then shoveled out to make room for 
further catches. So great are the quantities 
caught that some commercial concerns have 
sought to extract the oil from them for com- 
mercial purposes, and to use the insects them- 
selves for poultry and hog feed. Neither of these 
attempts, however, has thus far proved a success. 

In addition to using this warlike method of 
trenches and metal fences, the insect armies are 
attacked in the rear by poison-dust guns. Where 
land formation permits, the guns are mounted 
on trucks or wagons. Otherwise they may be 
used on horseback. Smaller ones may be used 
by men on foot. These guns spray calcium 
arsenate, which kills the insects, not immedi- 
ately, but in from thirty to seventy hours. For- 
tunately, they stop feeding almost at once, how- 
ever. They are killed by licking the dust off their 
feet, not by eating the plants on which it is 
sprayed. Thus do we battle with one of our most 
spectacular insect enemies. 

In the case of the boll-weevil, the use of 

ci5o: 



]VIAN’S ENEMIES 


airplanes to spray poisons over the affected fields 
adds again to the warlike appearance of insect- 
control methods. In the ease of this pest we have 
an excellent .argument in favor of diversification 
of crops, another method of control. Where field 
after field of cotton is grown without a break, 
conditions are ideal for the spread of the insects. 
If the continuity is broken by some crop which 
the boll-weevil does not attack, it offers a barrier 
to its spread. 

A method of insect destruction now begin- 
ning to be used, and occupying considerable 
attention of the scientists, is that of introducing 
parasites which prey upon and destroy the in- 
sects. Many parasites are being imported for this 
purpose in the case of the Japanese beetle. 
Orchard-insect parasites also are being bred in 
this country and flipped to infested regions. 
Thus we attempt to make the world safe for 
mankind. 


Get Acquainted with Insects 

In insect control, one of the first necessities 
is to know your insect. It is not enough to know 
merely that it has arrived and must be fought 
by some material which you may at the moment 
happen to have handy. You must plan your at- 
tack intelligently. It is essential that you know 
much about the insect's habits, particularly its 
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habits of feeding, its life cyde, and its breeding 
places. 

It is useless, for example, to spray with Paris 
green a plant whieh is infested with plant-lice 
or aphids. The poison stays on the outside of the 
leaf, while the insect feeds on the juices inside 
the cells, which it gets by puncturing the leaf. 
The pest is immune to such treatment. On the 
other hand, such insects as slugs, grasshoppers, 
caterpillars, and beetles have jaws and actually 
bite off and consume the leaves. Poisons which 
coat the outside of the leaf are accordingly use- 
ful in these cases. It is not difficult to determine 
which type of insect is at work. In the first case 
the leaves wither and die, in the second case 
parts of the leaves will be eaten away. Insects 
sometimes fall into neither of these classes and 
will not eat poisoned leaves. The Mormon cricket 
is poisoned by getting the insecticide on its feet, 
which it subsequently takes into the system by 
licking. 

Another thing to be considered is the proper 
time of application. Knowing the life cycle of 
the insect, one can predict its appearance and 
spray beforehand. Again, there are those insects 
whose appearance can be awaited and sprayed 
as convenient. One should remember that the 
rate of reproduction is an important factor here. 
In the case of aphids, where this rate is ex- 
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tremely rapid, no time should he lost after the 
pest has been observed. 

The time of day at which the application of 
the poison is made is likewise of considerable 
importance in some cases. Poison-bran bait is 
used for both cutworms and grasshoppers, but 
for the former it is best applied in the evening, 
for the latter in the morning. This is because the 
cutworm feeds at night, while the grasshopper 
feeds in the early morning. In the case of the 
chrysanthemum midge, the proper time to fumi- 
gate is shortly after midnight. Inconvenient tho 
such a procedure may be, that is nevertheless 
the time at which the insect emerges for feeding. 
The time to get it is when it is -susceptible to 
attack. 

Again we are greatly assisted if we know 
where to look for the insect’s breeding place. 
Here we may be able to attack when it is in a 
position, or in a stage of development, in which 
it cannot defend itself. White grubs, cutworms, 
and -wire-worms breed in the sod, which indicates 
the desirability of soil treatment in their eradica- 
tion. Other insects have their period of develop- 
ment in weeds which, apart from their own in- 
jurious effect, are likewise undesirable from this 
point of view and should not be allowed to grow. 

Plant growers should not fail to make a thor- 
ough study of the life and habits of every insect 
which they are called upon to combat. They 
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should know just -what remedy to apply and 
how to apply it. "Without a knowledge of the 
insect itself it is difficult to determine the meas- 
ure of success which the remedy is having. Study 
of insects should be as much a part of the plant 
grower’s concern as is the study of the sod. 
It is almost equally important. 

Termites Need Parasites to Digest Their Food 

Termites, frequently referred to as “white 
ants,” altho they are not in fact ants, constitute 
an interesting yet dangerous menace. These 
creatures, of which there are 1,600 known va- 
rieties, live in ant-like colonies, have a division 
of labor among them similar to that of ants, and 
in general follow somewhat the plan of living of 
ants. Their life cycle consists of three stages, 
the egg, the immature form or nymph, and the 
adult form, which may be dmded into classes. 
There are the workers, the soldiers, and those 
which exercise the sex functions. 

Termites are soft-bodied insects and seclude 
themselves underground or within wood. The 
workers, which do the work of excavation within 
the earth as the colony requires, are blind and 
avoid the light. They are seldom seen. The sexual 
individuals are winged, have eyes, and at certain 
seasons of the year migrate, in what might be 
called swarms, and establish new colonies. 

Contrary to popular opinion, these pests are 
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native to this country and have long inhabited 
our forests. Only recently, however, have they 
attacked the settled regions as a result of the 
destruction of great forest areas. The thing 
which makes them such unwelcome visitors is 
their food habits. They can live on either live or 
dead wood, and therefore can damage all sorts of 
wooden structures. 

The termites may, in general, be dmded into 
two classes. The subterranean species never come 
above ground, but confine their attacks to wood 
which they find in contact with the earth. They 
usually foUow the grain in the wood and honey- 
comb it. They are particularly dangerous in 
that there is no evidence visible above the ground 
of what is going on below. 

The non-subterranean termites do not need 
contact with the moist ground to maintain life, 
and will attack wood above ground. They do not 
usually follow the grain of the wood, and their 
activities are easily detected. It is interesting to 
note how these insects are able to digest dry 
wood and to secure nourishment from it. This is 
possible only if they are acting as hosts to suit- 
able organisms. In the intestines of termites are 
found fauna and flora of great diversity and in 
great numbers. Protozoa, amebas, spirochetes, 
and fungi are present. Some of the protozoa con- 
tain enzymes which digest the wood for the ter- 
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mites. Without this guest the termite could uot 
survive on dry wood. 

Because of lack of information on the habits 
of termites and of the infested regions, many 
buddings are erected annually without in any 
way providing for protection from them. After 
damage has occurred it is frequently a matter 
of great expense to rectify the error, to recon- 
struct the building, to make it immune from at- 
tack. One method has been, of course, to keep all 
wood from contact with the ground. Frequently, 
however, the termites mU build a gra3dsh shel- 
ter-tube over cement to reach the wood. These 
are easily seen and destroyed. 

Because no known wood is immune to attack 
(the heart-wood of some trees is highly resist- 
ant), methods of chemical treatment have been 
devised by chemists of the United States De- 
partment of Agriculture. For wood in contact 
with the ground, the use of coal-tar creosote is 
recommended. For wood intended for use above 
groTind, treatment with zinc chlorid has proved 
most effective. 


Save Insects Ears? 

Can insects hear? In general they do not re- 
spond to any sounds that we make, and as a 
result the conclusion has been reached that they 
are quite deaf. This is not a fair conclusion. 
True, you may shout at a fly as much as you 
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clioose witliout exciting in it any evidence that 
you are heard. But there is nothing you are 
likely to shout that mil he of much interest to 
the fly. Its lack of reaction may only prove that 
you are unintelligible to it. We, perhaps like the 
fly, only react to those sounds which interest us 
or which convey some meaning to us. To the fly 
you make but one more sound in the great 
quantity of sound made by humans which can- 
not possibly mean anything to the insect. It is 
not surprizing that it does not respond. 

Experimenters have, however, found a few 
insects which respond to sounds which we can 
make. Silkworm moths have been found to lift 
their wings when an organ pipe was sounded. 
Every precaution was taken to keep the draft 
of air used to blow the pipe from directly reach- 
ing them. Failure to avoid a disturbance from 
this cause has led many observers to assume that 
the insects were responding to sound when they 
were in fact responding to the movement of air. 
A number of species of under-wing moths have 
also been found to respond to a high-pitched 
whistle, either by flying or by lifting their 
wings as if to fly. Two species of caterpillars 
have also been shown to respond to sound by 
motion of their bodies. This response has been 
definitely associated with hairs on the body. 
When these hairs are removed by singeing, or 
when they are made inactive by a coating of 
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water or of shellac, the response ceases. This 
does not mean, of eourse, that it is the hairs 
which hear, but rather that, as in the human 
external ear, they are connected with internal 
sensory organs. 

Searching for what corresponds to an external 
ear in insects has not been very fruitful. There 
are few which have any organ that remotely 
resembles the external ear of the human. Crickets 
and katydids, however, have an earlike structure 
on their front legs, and investigation shows that 
these are connected closely with enlarged air- 
tubes such as are present in great numbers in 
every insect body for breathiog purposes. The 
sensory organs associated with these cells are 
different from any other in the insect body. 
They are characterized by having the axis fiber 
stretched through the center of a hollow tube 
filled with liquid. There are large numbers of 
these cells near the ear on the front legs of 
crickets and katydids, and these are all con- 
nected to the central nervous system. They have 
every appearance of being intended as organs of 
hearing. Suspecting this, scientists have searched 
other insects for similar cells. These have in 
many cases been found, frequently in the most 
unexpected places on the insect’s body, and not 
associated with any external organ obviously 
intended for hearing. 

Suppose, now, that we are satisfied that these 
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organs are in fact organs of hearing. What guar- 
anty have "we that they are intended to hear 
the frequencies to Avhich the human ear is sensi- 
tive? We are limited by a maximum upper range 
of 20,000 vibrations per second, a value that 
■would be high for even an abnormal indmdual. 
Possibly the insect has a different range. Its 
organs of hearing might begin -where ours leave 
off. It is fair to assume that insects should be 
capable of hearing the sounds -whieh they them- 
selves make, and Professor B. B. Pulton, of the 
North Carolina State College, has made use of 
this likelihood in his study of insect hearing. 

Obser-ving that certain species of crickets and 
katydids sing in unison, he determined to use 
this fact in his experiments. These insects keep 
such perfect time that the song of ten or a 
dozen is often mistaken as that of a single in- 
dividual. Professor Pulton collected such insects 
in cages, and after satisfying himself that their 
, singing -was synchronous, he cut off the front 
legs of half of them just above the hearing 
organs. These insects he placed in an adjacent 
cage, far enough from the others so that he could 
distinguish the song from each group. He found 
in every case that the song of those -with the 
sensory organs removed was entirely haphazard. 
They were like a group of deaf musicians play- 
ing in the dark. Occasionally a pair would get in 
their chirps together by accident, but they would 
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gradually depart from the synchromsm again. 
The normal insects were always together in their 
song. This proves that, certainly in the case of 
these insects, they not only hear, but their sen- 
sory organs have been de&itely located. There 
is every reason to believe that many other insects 
may also hear with less fully developed ear 
organs, which may not always be sensitive to the 
same sounds that affect humans. 

Soil Erosion 

One great farm loss which sneaks upon the 
farmer, more or less unawares, is soil erosion. 
The fertility of soil is, of course, depleted by the 
crops which it supports. This fertility can be 
replaced. "What cannot be replaced, however, is 
soil washed away and out to sea. Not only is the 
plant food gone, but the soil itself which is 
necessary to support it. In this way many of 
our good farms are slowly but steadily becoming 
poor ones. The farmer’s first warning is usually 
in bits of clay or rock protruding through the 
son of what up to then had been a good, rolling 
field. Even then he may not take the necessary 
steps and sow the field with a suitable crop to 
preserve its soil. 

“The Jlississippi River alone,” says Mr. H, 
H. Bennett of the United States Bureau of 
Chemistry and Soils, “delivers to the sea every 
year 528,000,000 tons of suspended matter, most 
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of ■which represents wash from the surface of the'' 
land, the richest part of the soil. In addition, 
more than a third as much is poured into the 
Gulf of Mexico in the form of dissolved mat- 
ter, and it is not known how much more is 
swept along the bottom of the Mississippi. "What 
is stiU more important is the material removed 
from the fields and deposited somewhere along 
this great watery highway to the sea, usually 
upon valley lands, where it is not needed, and in 
channels of streams where it does much damage. 
Every year this temporarily stranded material 
amounts to many times the combined quantity 
that enters the ocean.” 

It is estimated that erosion removes as much 
as twenty-one times the amount of plant food 
taken out by the crops. 

In many eases land is cleared and no provision 
made for reforestation where it is perfectly 
e-vident that erosion will occur. It is in such 
places as these that the great gullies due to 
erosion occur. Nor is the damage restricted to 
this one locality. It may destroy good valleys by 
depositing in them. It may, as has happened, 
ruin established orchards of great value several 
miles from the eroded land. 

Examples of erosion are common, as one sees 
in traveling about the country. Many eroded 
localities can be seen in a day’s journey in almost 
any direction. In most cases nothing is being 
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done to prevent further damage. Many interest- 
ing cases have been reported. In one place where 
once stood a school-house there are now gullies 
a hundred feet deep. It is a desolate section, 
desolate beyond reclaiming. Much of the best 
bottom land in New England was permanently 
destro 3 ’-ed by the flood of 1927. There was spread 
over it a deep layer of loose sand and gravel of 
low water-holding capacity. Far up the hlissouri 
River Valley, a region of 120 acres has been 
known to lose from eight to forty inches of 
soil since the clearing forty years ago. This has 
taken place slowly but continually. Each muddy 
stream flowing down the roadside is carrying off 
its bit of soil unless some provision is made to 
collect it. It is estimated by Mr. Bennett that 
soil erosion is costing the farmers as much as 
$200,000,000 annually. This biR is presented to 
the citizens of America every ymar. "We are told 
.hat if this keeps up we shall soon be no 
longer a nation exporting faipn products, in 
spite of our increasing farm efiScieney through 
machinery. 

All this can, of course, be prevented by proper 
seientiflc farm operation. In most cases the soil, 
prone to erosion, can be used to raise crops 
which will hold the soil in place. In many cases 
it can be prevented by cheap methods of terrac- 
ing. In this way the violence of the drain is 
stopped and the soil is deposited quickly from 
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the slo-w-running water. The time has departed 
when we could think of the soil as free. Dirt is 
cheap only in small quantities. Fertile land on 
a nation-iride scale must not be dealt with 
thoughtlessly. 



X 

WE IMPROVE PLANT LIFE 

Effect of Light on Plants 

The discovery of the profound effects attend- 
ant upon ray-therapy in the case of animal life 
has naturally turned the attention of botanists 
to similar studies in the ease of plants. Their 
efforts have been well rewarded. A number of 
questions will at once spring to the mind of the 
inquisitive person. Since green vegetables have 
an anti-rachitic effect, is it because of their long 
exposure to the ultra-violet of the sun? Is the 
ultra-violet of the sun at all necessary or advan- 
tageous to the plant? We know that a plant 
utilizes carbon diosid gas in its process of food 
synthesis, jmt this gas, so necessary for plant 
growth, is poisonous to the human being when 
it comes in large quantities. Certainly, in this 
respect, the plant behaves very differently from 
the animal. Perhaps it also does so in numerous 
other respects. Let us see what the present state 
of our knowledge really is. First of all, we do 
not as yet know to a certainty what improve- 
ment, if any, in anti-rachitic effect may be con- 
ferred upon the plant by irradiation with ultra- 
violet. Presumably, however, there would be 
some benefit. 
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That the ultra-violet has an effect upon plant- 
growth directly, there is no question. But the 
effect is not always beneficial. Some plants do 
much better without it. In many cases it greatly 
increases the plant foliage. On the other hand, 
if we look into the effect of the infra-red, the 
light just off the other end of the visible spec- 
trum, we find a very eonsiderable change. The 
plant grown in this light assumes a lender, 
vine-like nature, and winds around its support. 
It behaves much like a plant grown in the dark, 
except that it remains green. Side-shoots and 
leaves have a tendency to curl up. The cell walls 
are thinner. The flowering is delayed. In general, 
the plant is weakened. As a result of such experi- 
ments it has been established that in general a 
plant is best off which is provided with aU, the 
constituents of natural sunlight. 

Another interesting discovery regarding the 
effect of light on plants has been made in con- 
nection with the effect of varying the number of 
daylight hours. Here it can be said that the plant 
growth is hastened proportionately, provided 
that the plant is at the same time supplied with 
an extra amount of carbon dioxid gas. Plants, 
through the agency of the sun’s rays, synthesize 
carbon dioxid and water into carbohydrates. 
Unless a sufficient amount of carbon dioxid is 
available to make it possible for the plant to 
utilize the extra sunlight hours, nothing is 
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gained. Clover, barley, and soy beans are plants 
■whicb are notably benefited by extra hours of 
sunlight. Some plants, notably tomatoes, are 
benefited only by a few extra hours of the sun ’s 
rays. If earried too far, the sunshine treatment 
win result in kiUing the plant. Apparently 
plants, like humans, require a certain amount 
of rest for their weU-being, and if this is not 
given to them they react in much the same way 
as humans. 

It has often been suggested that the taste of 
vegetables or fruit grown in a greenhouse differs 
from that of those food plants grown in the open, 
because of the filtering out of the ultra-violet by 
the glass of the roof. It has been thought that the 
so-caUed “flat” taste of greenhouse plants might 
be explained in this way. Whether or not there 
is any foundation for this belief is still a ques- 
tion. If it could be definitely established that 
such is the case, an improvement in our hot- 
house products could be made by growing them 
under ultra-violet-transmitting glass. 

Effect of X-Rays on Plants 

The study of the effect of radiations on plant 
life would not be complete without including 
some experiments on the effect of x-rays. Much 
work in this field has been done by l?rofessor 
1 . H. Goodspeed, of the University of California. 
He has carried on extensive experiments over a 
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period of two years on tlie effects of these rays 
on tobacco plants. The results can best be 
summed up in bis own words : 

‘ ‘ The correct dosage of x-rays or of the gamma 
rays of radium applied to any tissue of the 
tobacco plant which is capable of growth or is 
concerned with the process of sexual reproduc- 
tion is followed by variation. 

‘ ‘ Some of the variations which can thus be re- 
produced are inherited, since they affect the 
character of hereditary material. The other 
variations are not in the same sense inlierited, 
because they affect the amount rather than the 
quality of the hereditary material. From a scien- 
tific point of ^dew both sorts of alteration are 
of interest, because they parallel the types of 
changes known to go on in the hereditary ma- 
terial of plants and animals in nature or under 
domestication. 

“The dry seeds of the tobacco plant,” Pro- 
fessor Goodspeed continues, “are very resistant 
to these high-frequency radiations. Only the 
heaviest dosage wiU. kill them, but when the 
seeds have begun to grow, a relatively light dos- 
age proves to be lethal. Such plants as suiwive 
are often chimers — or mosaics — some tissues con- 
taining one alteration in the hereditary materiaL 
others being different in this respect. 

“This same type of effect follows treatment 
of the growing points of the stems of young 
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plants. Practical application of tliese results may- 
be possible. If the horticulturist can obtain a 
similar mosaic condition in fruit trees, for ex- 
ample, then he could select the branch ‘sports' 
•which -were of value or interest and propagate 
them by cuttings.” 

Public attention has already been called to the 
fact that x-ray treatments of immature sex cells 
of tobacco plants have resulted in great varia- 
tion in plants resulting from the union of these 
plants. Work has been going on for more than 
two years on the effects of x-rays and the gamma 
rays of radium on seeds and seedlings and tis- 
sues of other sorts. Later generations have been 
gro-wn from the original products of x-rayed 
sex cells. 

More than 10,000 plants illustrating the effects 
of treatment on various tissues are now being 
grown in the botanical gardens of the uni- 
versity. 

IVhat the future may bring in the way of 
further development of such studies can only 
be a matter of conjecture. It appears, however, 
that such studies ^vill be of the greatest interest 
and value to the human race. 

Gassing Plants 

The ripening effect which results from the 
gassing of certain fruits and vegetables with 
ethylene gas is already well known. Oranges, 
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tomatoes, bananas, and many others respond to 
this treatment. V^en potatoes are taken from 
the ground they will not immediately sprout. 
The dried-looking buds, which are in the eyes 
of the potato, require some time of rest before 
they are ready to develop. This rest period was 
for a long time thought to be a necessaiy element 
in the plant cycle. Now we know that it can 
be shortened by various means without harm to 
the plants which come from this seed. It was at 
first found that the ethylene gas, which hastened 
ripening, also had a mild stimulating effect on 
potatoes; it shortened slightly a dormant period. 
But the advantage gained was too slight to be of 
any value. Dr. F. E. Denny, of the Boyce 
Thompson Institute for Plant Research, has 
shown, however, that certain derivatives of 
ethylene are much more potent than the gas 
itself in this respect. Ethylene chlorhydrin and 
ethylene dichlorid are effective, as is also sodium 
thiocyanate. Good fortune is also in evidence 
here, in that these materials, being liquids, are 
much easier to handle than is the ethylene itself. 
The liquid, when used, is vaporized by blowing 
air across it. The vapor soon fills an airtight 
room. 

The result of the treatment of potatoes by this 
method has been not merely to shorten the period 
of dormancy, but actually to eliminate it en- 
tirely. Potatoes taken from the ground can be 

ni693 



OUTLINE OF SCIENCE 


replanted as soon as they have been treated. 
This bids fair eventually to revolutionize potato- 
growing in this country. It will make the grow- 
ing of two crops a year the rule over a large 
section of the country. It will not affect the far 
South, where this is already possible, nor the 
North, where the season would in any case be 
sufficient for but a single crop. In that large 
midwaj'' section, however, beginning with south- 
ern New Jersey, we may soon expect to see two 
crops grown regularly. Of this the late Professor 
J. T. Eosa, of the College of Agriculture, Uni- 
versity of California, wrote : 

“The practical application of the dormancy- 
breaking treatments will be used mainly in the 
Southern States and in California. Prom south- 
ern Jersey to Texas and as far north as the 
Ohio and Jlissouri Rivers, the growing season is 
long enough to produce two crops of potatoes a 
year. To do this economically it is desirable to 
use the potatoes produced in the spring crop as 
seed for the fall crop. Except in the far South, 
the period between the digging of the one and 
the planting of the other is too short for the 
tubers to pass through their natural dormancy. 
Hence the need for treatments to hasten 
.sprouting. 

“Another instance of the usefulness of stimu- 
lation treatments is the treating of seed shipped 
from the Northern States to Bermuda, Florida, 
1170-2 



WE IMPEOVE PLANT LIFE 


and California for planting a winter crop. This 
seed is dormant when received by the Southern 
growers, who can increase the earliness and 
yield of their crops by stimulation treatments. 
These treatments may also be useful in seed- 
growing districts. For seed purposes medium to 
small tubers are desired. The proportion of such 
tubers can be increased and the overly large 
tubers reduced by treatments that result in an 
increased number of stalks with a greater num- 
ber of tubers per plant.” 

Temperature and Plant Life 

The use of such chemical methods as the one 
just described is sure to be extended greatly 
now that an impetus has been given to research 
of this character by the success with potatoes. 
Methods of treatment for giving greater percen- 
tage germination of seeds will also be discovered. 
At the present time much is being done in the 
study of pimely physical effects, such as that of 
temperature. 

Temperature alone has been found to have a 
very marked effect on the dormancy period of 
potatoes. For many years it has been generally 
believed by farmers that keeping potatoes in 
cold storage for a few weeks would have the 
desired effect, and it has not been uncommon for 
farmers to put their seed-potatoes in cold storage 
for a short time before planting. Experiments at 
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the College of Agriculture, University of Cali- 
fornia, have shown conclusively, however, that 
such storage has in fact no value. There is little 
difference in the rate of sprouting after three or 
four weeks of storage at 40, 48, 55 and 70 de- 
grees Fahrenheit. On the other hand, potatoes 
stored at 80 to 86 degrees Fahrenheit were ready 
for replanting in about tliree weeks. They 
sprouted rapidly, and the plants were above 
ground in twenty-four da 3 ^s. The usual dormant 
period is from three to four months. Different 
varieties respond somewhat differently to this 
treatment. 

From the standpoint of reforestation, the 
Boyce Thompson Institute for Plant Research 
has made a valuable contribution to the hasten- 
ing of germination of southern pine by means 
of special treatment. In Louisiana the low per- 
centage and irregular germination of the pine 
has seriously hindered reforestation work. The 
treatment given the seeds consisted of stratifica- 
tion in moist peat moss at 0 to 5 degrees centi- 
grade. Seeds so treated for one to two months 
gave 82 per cent, germination in twenty-two 
days, while seed not so treated gave but 41 per 
cent, germination in 100 days. The percentage 
of germination depends somewhat upon the 
species of pine, but in fortj’’-eight days the after- 
ripened seeds of short-leaf, slasli, and loblolly 
pine gave 62.60 and 70 per cent, germination, 
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respectively, while the control seeds, not so 
treated, had not appeared above the ground at 
all. The saving in time, money, labor and ex- 
pense which this simple method promises is 
enormous. 

Temperature appears also to promise a satis- 
factory treatment for cuttings intended for 
planting. A great deal of work has been done 
with holly cuttings at the Boyce Thompson In- 
stitute. The increasing popularity of hoUy for 
decorations during the Christmas season has re- 
sulted in a demand which the growers find them- 
selves unable to meet. The result has been that 
an acute situation has developed where it is 
essential to increase at once the parent stock. 
Dr. P. W. Zimmerman has developed a method 
which promises a rapid increase in these plants 
by cuttings. The cuttings are stored from four 
to five months in about five inches of half-and- 
half peat moss and sand. The temperature is 
kept between sixty-five and seventy-five degrees 
Fahrenheit. Using currenUseason stems, these 
were so accelerated as to produce berries the 
first season. As the propagation of hoUy from 
seeds has been very difficult, and as they did 
not respond well to propagation by cuttings as 
usually carried out, this treatment will prove of 
great value to the growers. 

These few examples of what has been accom- 
plished by gas and temperature treatments in the 
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matter of plant propagation are only suggestions 
of what the future may bring. The possibilities 
are indeed fascinating. We may yet bring Nature 
under our command. 

Camel Plants 

The camel has long been thought of as a ^un- 
bol of dryness. His ability to live for many da3''S 
without water has been considered remarkable. 
But, after all, compared with some other forms 
of life, his feats in this respect are as nothing. 
Many plants can exist without water for months. 
But, jmu say, these are plants, not animals. Yet, 
nevertheless, the fact that a camel walks and 
these plants do not does not make their feat 
the less remarkable. 

In thinking of camel plants one at once calls 
to mind the cactus plants of the desert regions. 
These have a remarkable ability to store water, 
being admirably designed for this purpose. First 
of all, their roots spread out over a wide area 
just below the surface of tlie soil. This enables 
them to absorb immediately great quantities of 
water from even a slight rainfall. Their thick 
leaves, covered as they are with a coating which 
may almost be described as rubber-like, are in- 
tended to give up a minimum amount of this 
water, which is stored in the fleshy part of the 
plant. So well worked out is the system of water 
collection and retention that a cactus plant may 
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be uprooted for months and stiU cany on its 
life. Some bave even been known to live a year 
and a baK after uprooting. 

But not all plants intended to survive on a 
minimum of water are necessarily desert plants. 
There are many dry spots, sucb as tbinly covered 
rocks, where the plants must show this same abil- 
ity. Every gardener also knows the great ad- 
vantage which many weeds have in this regard. 
Purslane, for instance, will take root again days 
after it has been hoed loose. 

Again there are those plants which must store 
water against a seasonal drought. This is often 
done by means of underground bulbs, as in the 
case of the wild onion. Describing this note- 
worthy example in point, Professor E. L. Pickett, 
of the State College of Washington, writes: 

“A wild onion, common throughout the west- 
ern part of the United States, produces its leaves 
and clusters of light pink flowers in April. By 
the first of June both are dead and dry. The 
bulbs, usually less than one-half inch in diam- 
eter, are six to eight inches below the surface. 
Through the summer months the soil becomes 
dust-dry, and there is no rain before September 
or October. A hundred of these bulbs were care- 
fully taken up one May. They were weighed and 
then kept in a dry room for more than eight 
months. At the end of that time they showed 
only an insignificant loss of weight. At another 
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time a number of nice specimens •were taken 
when in full flower. They were carefully pressed 
and dried, without crushing the bulbs, and put 
away in a dry-storage room. Twelve months later 
these specimens were taken out for examination 
and were fotmd with clusters of new flower huds. 
No water other than that in the bulbs had come 
near these plants at any time during the year. ’ ' 

The amount of water which it is possible to 
store in underground roots, stems, bulbs, and so 
on, is enormous. Roots weighing more than fifty 
pounds are not uncommon with some members of 
the gourd family, and these roots are found to 
be 80 or 90 per cent, water. The retention of 
water in such underground parts is often aided 
by coverings that are quite cork-like in their 
nature and almost impervious to water. 

Other plants survive dri-- seasons by reach- 
ing maturity in the short rainy season, produc- 
ing seeds, and dying. The seeds, which contain 
but five to ten per cent, of water, are carried 
over to the next rainy season. Common grains 
are often able to live for fifteen or twenty 
years and germinate successfully. The stories of 
seeds taken from ancient tombs and made to 
germinate after centuries probably have no basis 
in fact. Most seeds must be planted immediately 
after maturity. 
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NEW TRICKS IN CULTIVATING THE EARTH 
Fur-Farming 

As is the case Tvith almost every industry, the 
farm has constantly opened to it the possibility 
of producing new products. The alert scientific 
farmer is never slow in taking advantage of 
them. One of the latest of these farm opportuni- 
ties is fur-farming. In the past such animals 
as fox, mink, beaver, and lynx have been farmed 
by specialists with profit; but such enterprises 
have presented little opportunity to the busy 
farmer. The latest fur to be farmed is the musk- 
rat. This many farmers are weU equipped to 
produce without cost for labor, food or housing. 

Only recently has the muskrat been worth 
considering. The trapper who could get only 
fifteen or twenty cents for a muskrat pelt spent 
his time on larger game. The muskrat was left 
for the farm boy. But at the end of the World 
War, when this animal brought as much as ten 
dollars a pelt, and later stabilised at around 
two dollars, it took on a new prominence. Fur- 
ther, the furriers found the pelt an easy one to 
dye in such a way as to resemble more expen- 
sive furs. It now masquerades under various 
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fancy names. This opened np the opportunity 
for the farmer. 

The muskrat lives in swamps and marshy land, 
places which are of little value normally. Per- 
haps some such places could be drained and 
made to produce a grain or grass crop, as many 
have been ; but there is an enormous acreage that 
it would never pay to attempt to develop. Such 
swamps may produce at best a few tons of 
coarse marsh hay, hardly worth gathering. A 
surprizing number of farms have at least a few 
such acres. These are the places where the music- 
rat thrives. He finds his own food for the win- 
ter in the grasses of the swamp. He stores up 
his own winter food supply. He is not subject 
to any known disease. It is evident that the 
muskrat farmer is due to have but little care 
of the animals. In the event that the food 
supply runs short, as might happen if the land 
were allowed to become overstocked, a bushel 
of turnips or earrots will feed a musicrat for 
three months. 

The only precaution which the farmer must 
take for the care of the animal is to protect it 
from its natural enemies. Other animals can be 
kept out of the muskrat farm by surrounding it 
with a tight wire fence a few feet higli and 
buried a few feet under ground. Such a fence 
is not necessary to keep the muskrat from run- 
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ning away, for he is living under natural con- 
ditions and will have no desire to migrate. 

The farmer’s only concern, once his farm has 
been established, is to gather pelts. As the fe- 
male will produce from twenty-five to fifty 
young a year, it would seem that this catch 
should occupy his winter months. 

In Canada this type of farming is being en- 
eour,aged by the Government. Waste lands are 
being leased out for the purpose of such farm- 
ing, at the rate of twenty-five cents an acre for 
the first three years and one dollar an acre per 
year from then on. 

The muskrat industry has reached a high state 
of development on the coast of Maryland. Much 
of the land is subject to tidal overfiow and is 
valueless for any other purpose. Of these 
marshes a United States Department of Agricul- 
ture Bulletin says: “Now, owing to the in- 
creased value of fur, many of the marshes, 
measured by actual income, are worth more than 
the cultivated lands in the same vicinity. ’ ’ 

One should not forget that in this district the 
animals are also sold for food under the name 
of marsh rabbit. There seems no possible objec- 
tion to this, as the muskrat is clean in its feed- 
ing. It is almost wholly herbivorous, living on 
the weeds and grasses of the marsh. Its only ani- 
mal food is mussels and slow-moving fish such 
as the carp. The table-use of the muskrat offers 
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an additional income which the farming of no 
other fur-bearing animal produces. 

It is. only to be expected that as civilization 
advances we should turn to fur-farming.. In the 
early days man’s food depended upon his ability 
as a hunter, and upon the natural vegetation 
found in his neighborhood. The science of agri- 
culture has now changed all that. In the same 
way it will remove our dependence for furs on 
the haphazard methods of the trapper. The 
trapper can now settle down as a regular member 
of tlie community and make his living off his 
own fur-farm. 


Ocean Fanning 

As we depend no longer for our furs upon 
chance, neither do we now depend upon the oc- 
casional foraging of seafarei’s for our ocean 
foods. The farmer has gone to sea. No longer 
do we need to depend upon natural conditions 
for a good crop of oysters. The bivalves are now 
produced by artificial cultivation. At the proper 
season the baby oysters, or spats, are trans- 
planted to suitable waters, there to mature, just 
as plants might be set out in the garden. New 
areas are constantly being brought under culti- 
vation; the oyster-beds along Long Island, thus 
formed, extend for miles. No longer is it an}’'- 
body’s oj’ster, for these beds are protected by 
law just as the farmer’s fields are protected. In 
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Japan and in France the oyster is even more 
intensively cultivated than in America. 

Oysters whose shells are suitable to make but- 
tons are also farmed. The United States Bureau 
of Fisheries operates a large experiment sta- 
tion on the Mississippi River to assist the pearl- 
oyster industry. Hundreds of tons of shells are 
produced annually by artificial cultivation. 

When one realizes that five-sevenths of the 
earth’s surface is covered with water, it is evi- 
dent that the increasing population is sure to 
make ocean farming more urgent. This offers a 
solution to the problem of food supply for some 
time to come, a fact which is more evident when 
one realizes that farming on the ocean is not 
confined to a plane, as is earth farming, but 
is really three-dimensional. Every ocean level 
has its own kind of life. As we go down deeper 
and deeper we find constantly changing ocean 
inhabitants. It is a multi-storied farm. Scien- 
tists are now experimenting with the propaga- 
tion of the useful sponges, and with the raising 
of tortoises for tortoise-sheU and for food. 

In the past we have simply harvested those 
things which the ocean had to offer. So great has 
been this industry, however, that there has been 
taken from the waters of the United States and 
Alaska about three bniion tons of fish annually. 
Little attempt has been made toward the restock- 
ing of this vast food store. In the case of salmon 
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the time has come, however, to give more serious 
thought to the farm aspect of the problem. Pro- 
tection during the spawning season is not 
enough. In the end we must expect to farm our 
fish. Two of the oldest salmon rivers in the 
country, the first to be fished by white men, were 
the San Joaquin and the Sacramento. Through 
the water-power projects that have been con- 
structed along these rivers the spawning ground 
has been reduced from a length of about 6,000 
miles to less than 600. This is a problem of 
ocean farming that needs immediate attention. 

We have already been warned of the dimin- 
ishing supply of whales. Here also is a problem 
of ocean cultivation. In the future we may ex- 
pect to see even the whaling industry put upon 
a farming basis. If the constructive efforts of 
man are not extended to this and similar fields, 
many members of our sea fauna may soon dis- 
appear. 

Forestry 

We have long since passed beyond the stage 
where we depend upon foraging for our food, 
and are in a stage of transition as regards our 
furs, while we are fast approaching that stage 
in forest products. We have made terrible in- 
roads upon our natural forests, and must now 
begin to farm trees just as we do other plants. 
No longer can we rely upon bounteous nature to 
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supply our needs in this respect. Her methods 
•were never intended to cope -with the devastat- 
ing mechanical devices -which man has de-vised 
At the present time there are in the United 
States no less than 300,000,000 acres of unused 
forest land. "We must begin to cultivate this. 

One of the drawbacks to forest farming in tht 
past has been the feeling that one must wait too 
long for returns. This is because the probleni 
has not been sufSciently investigated. If ono 
were to start a forest of oaks, or some other slow- 
growing tree, the forest products might not re- 
pay one for the work in a lifetime, even remem 
bering that there is much to be taken out of ^ 
forest before the trees mature. Such projects are 
for those authorities whose life is more extended. 
Many to-wns and villages have taken over and 
managed forests scientifically. Those that have 
done so over a number of years have profited 
greatly. There are villages in the United States 
at the present time which do not tax their 
-residents, because aU expenses of local govern- 
ment are met by products from municipal for- 
ests. The same is true in many places in Europe. 
Besides this source of profit, the forests offer a 
place of recreation to the inhabitants of the sec- 
tion. It is a venture that no progressive to-wn 
should overlook. 

In much the same way corporations whose 
business requires forest products, and which are 
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well established, sometimes undertake to manage 
their own forests. Paper-miUs have in some cases 
planned their own forests to take care of their 
need of spruce. Railroads are in some cases grow- 
ing their own ties. The United States Forest 
Serviee has under its control large forest areas 
at the present time. These are being admirably- 
managed. 

For the indi-vidual there is here also a possible 
source of profit. It has been found that farmers 
Imng in places remote from a natural supply 
of Christmas trees — in Ohio and Indiana, for 
example — can realize as much as $300 an acre 
annually by gro-wing suitable trees. The field is 
plowed as for any other crop, and seedlings are 
planted. It requires about five years for the 
crop to be suitable for Christmas trade. The 
profit of $300 is figured, however, from the time 
of planting. The first crop is only a thinning of 
the trees, which is necessary to permit the 
proper growth of those remaining. The area can 
be thinned every year up to about twenty-five 
years, when the crop will be matured. As the 
trees grow larger, they are, of course, sold for 
lumber. 

Forest conservation does not mean leaving the 
forest alone and taking nothing out of it. It 
means scientific management. The stand of trees 
must be thinned periodically. In the beginning 
a thick stand is desirable, as it forces the trees 
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to grow higher to reach the sun’s rays. The 
weaker ones, which fall behind, are then elim- 
inated in order that they may not rob the 
stronger, healthier trees of needed food and 
light. In this way there is afforded to the for- 
ester a constant income, once the forest is 
established. 


Transplanting Birds 

In the single year 1928 more than half a mil- 
lion birds were imported into the United States. 
The total number was 682,308. Since 358,449 
were canaries and 56,307 were parrots, the num- 
ber of imported birds intended to be freed is 
reduced by this amount, as canaries and parrots 
are imported mainly as cage or exhibition birds. 
It stiU leaves a large number of birds which 
were set free, however. Of these, quad constitute 
a large proportion, 84,915 having been imported. 
Next in nmnber stand pheasants, ruffed grouse, 
and ducks. When one realizes that in addition to 
these importations there were also going on ex- 
periments in transplanting birds within the 
boundaries of the country itself, the magnitude 
of the undertaking can be realized. 

Despite the time and money thus spent, how- 
ever, the factors which determine the success or 
failure of such experiments are not known. 
There are those who do not favor attempts to 
bring in any new birds because of the possi- 
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well established, sometimes undertake to manage 
their own forests. Paper-mills have in some cases 
planned their own forests to take care of their 
need of spruce. Railroads are in some cases grow- 
ing their own ties. The United States Forest 
Service has under its control large forest areas 
at the present time. These are being admirably- 
managed. 

For the individual there is here also a possible 
source of profit. It has been found that farmers 
Imng in places remote from a natural supply 
of Christmas trees — in Ohio and Indiana, for 
example — can realize as much as $300 an acre 
annually by gro-wing suitable trees. The field is 
plowed as for any other crop, and seedlings are 
planted. It requires about five years for the 
crop to be suitable for Christmas trade. The 
profit of $300 is fgured, however, from the time 
of planting. The first crop is only a thinning of 
the trees, which is necessary to permit the 
proper growth of those remaining. The area can 
be thinned every year up to about twenty-five 
years, when the crop -will be matured. As the 
trees grow larger, they are, of course, sold for 
lumber. 

Forest conservation does not mean lea-vdng the 
forest alone and taking nothing out of it. It 
means scientific management. The stand of trees 
must be thinned periodically. In the beginning 
a thick stand is desirable, as it forces the trees 
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to gro-w higher to reach the sun’s rays. The 
weaker ones, which faU behind, are then elim- 
inated in order that they may not rob the 
stronger, healthier trees of needed food and 
light. In this way there is afforded to the for- 
ester a constant income, once the forest is 
established. 


Transplanting Birds 

In the single year 1928 more than half a mil- 
lion birds were imported into the United States. 
The total number was 682,308. Since 358,449 
were canaries and 56,307 were parrots, the num- 
ber of imported birds intended to be freed is 
reduced by this amount, as canaries and parrots 
are imported mainly as cage or exhibition birds. 
It stiU leaves a large number of birds which 
were set free, however. Of these, quail constitute 
a large proportion, 84,915 having been imported. 
Next in number stand pheasants, ruffed grouse, 
and ducks. "Wlien one realizes that in addition to 
these importations there were also going on ex- 
periments in transplanting birds within the 
boundaries of the country itself, the magnitude 
of the undertaking can be realized. 

Despite the time and money thus spent, how- 
ever, the factors which determine the success or 
failure of such experiments are not known. 
There are those who do not favor attempts to 
bring in any new birds because of the possi- 
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bility o£ bringing witli them new bird diseases 
or bird pests. On the other hand, there are those 
who, Jolin C. Phillips says, “would bring in 
anything from a button quail to an ostrich with- 
out any regard for the general suitability of the 
species. ” Mr. Phillips has made a comprehensive 
study of this problem. 

In general, transplanted birds behave in four 
rather distinct ways. They may stay around a 
short time without nesting and then suddenly 
disappear. This often happens in what would 
appear to be a particularly favorable environ- 
ment. Where they go is never determined. Cali- 
fornia quail brought into the Eastern States be- 
have in this way, as do also some European 
song-birds. 

The nest class is one of partial success. The 
birds may nest the first season, but in succeed- 
ing years fail to do so. The original birds will 
be found in the neighborhood for a number of 
years. This behavior is characteristic of Euro- 
pean partridges released in Massachusetts and 
Connecticut. 

The third class attain a local success. They 
may nest and increase locally for a number of 
years, but they do not spread. Eventually they 
•are likely to disappear suddenly and completely, 
perhaps as the result of an especially hard 
winter. 

The fourth class is that of complete success. 
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The birds are for a period free from naturaJ 
enemies and diseases common to the place of 
origin. As a result they increase to the propor- 
tions of a pest. Eventually, however, they come 
under control. This was tiie case with the Eng- 
lish sparrow. Eeleased in America by the Brook- 
lyn Institute in 1850, these birds reached their 
height about the beginning of the century. They 
have now been brought under control. The his- 
tory'' of our present starling pest is somewhat the 
same story, klany attempts were made to intro- 
duce this bird, beginning as far back as 1872, 
but all of them were unsuccessful. The present 
starlings, found in almost every part of the coun- 
try, are all descended from fifty pairs that were 
released in Central Park, New York City, in 
1890 and 1891. 

In the case of migrating birds the difSculty of 
transplanting is much greater than otherwise. 
Usually when they go south in the fall it is 
never to return. This has been the case with 
Egyptian quad. Many thousands of these were 
released in this country between the years 1870 
and 1880. MaUard du^s, many of which have 
been released on Long Island by sporting clubs, 
likewise never return. They appear to go north 
up the Mississippi Eiver along with others of 
their kind on their way to Canada. 

A very thorough study of this whole problem 
is now in progress by the Biological Survey. 
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Complete account of every bird entering tbe 
country by importation is kept, and in addition 
an extensive program of bird banding is being 
carried out with tbe aid of experienced ama- 
teurs in all parts of tbe country. Many thou- 
sands of birds are being banded annually and 
tbeir movements determined by subsequent 
trapping. Since tbe birds are of course unin- 
jured, they are freed again, later to be again 
reported by a similar means. Some have already- 
been reported several times in various localities. 
It is thought that in this way the facts about 
bird migrations, the possibilities of transplant- 
ing, and so on, wiU be definitely established. 

Farm Waste 

The farmer has become a scientist, and therein 
lies his present difficulty. During the period 1900 
to 1920 the falling off of farm products in this 
country led to the establishment of all kinds of 
agencies to educate the farmer in scientific 
methods of agriculture. The agricultural press, 
farm organizations, agricultural colleges, exten- 
sion service and experiment stations. State and 
Federal agricultural departments, have aU 
joined in the spread of such knowledge. They 
have done their job well. The census of 1925 
showed, for the first time in the history of the 
nation, a decrease in acreage under cultivation. 
There was a decrease of 13,000,000 acres over 
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that harvested in the period 1919 to 1924. The 
acreage is stiU rapidly decreasing. In spite of 
this, larger crops are produced than formerly. 

“Agricultural production as a whole,” says 
Mr. 0. B. Baker, of the United States Depart- 
ment of Agriculture, “was 14 per cent, greater 
in the period 1922-26 than in the period 1917-21, 
whereas population increased less than 9 per 
cent, in the same periods; in other words, the 
increase of agricultural production was more 
than 50 per cent, greater than the increase of 
population. 

“Moreover,” continues Mr. Baker, “the acre- 
age in pasture on farms has decreased (but not 
total pasture), and the number of horses and 
cattle and hogs has decreased notably; indeed, 
beef cattle are less numerous than at any time 
during the last forty years, and there are about 
the same number of hogs in the United States as 
forty years ago. Furthermore, the number of 
farms has decreased since the World War years, 
the farm population and the nurnber of farm 
laborers has decreased even more, and the aver- 
age acre-yield of crops has increased only 
slightly.” 

Fewer farms, fewer acres, fewer animals, yet 
more grain, more meat, more dairy products are 
available. How can this be ? 

To begin with, the advent of the farm tractor 
has filled a double role. It has cut down greatly 

ni893 



OUTLINE OF SCIENCE 

the amount of labor necessary on the farm, and 
it has relieved those acres formerly needed to 
gro-w feed for horses used on the farm. The new 
combine, now coming into use, wiU further cut 
down the necessary farm help, and leave an 
oversupply of farm labor for some time to come. 
Horses and mules are being raised in only about 
half the numbers necessary to replace those 
which die. 

Now, how do we get more milk from fewer 
cows, more meat from fewer animals ? A century 
ago our best cows probably gave not over 2,000 
pounds of milk annually. Our best dairies to-day 
average 5,000 pounds per cow. Some cows even 
reach the 10,000-pound mark. A 5,000-pound 
cow eats much more than half the food required 
for a 10,000-pound cow; probably two-thirds as 
much. It requires just as much care. The change 
is the result of scientific breeding and feeding. 
More meat is available with fewer cattle because 
they are killed younger. The fastest growth is 
in early age. The proportion of calves slaught- 
ered as compared to the number of older animals 
is rapidly increasing. 

Other causes of the change are such things as 
better insect control, the greater and more in- 
telligent use of fertilizers, and the introduction 
of fertilizers which are scientifically correct for 
the particular land under cultivation. Then, too, 
there have been introduced new and hardier 
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plant varieties — ^varieties immune to various dis- 
eases, and varieties ■whicli mature quieker. Our 
changing food habits are also a factor in this 
farm problem. 

This all means that many of our present farm- 
ers will have to find new occupations or that a 
new source of income will have to be provided 
in some fashion. Scientists are woi-king on the 
question. The most likely solution at present 
seems to be in the utilization of farm waste as 
by-products. Insulation board is now being made 
from wheat straw, rayon is being made from 
corn stalks, and many other marvelous things 
are taking place which can best be described in 
a review of chemistry. At present aU these prom- 
ising developments are in the experimental stage. 
They hardly offer more to the farmer for his 
waste than he can realize by plowing it under 
as fertilizer. They offer an interesting future 
for the farm, however; the farmer may yet find 
himself a dealer in raw chemicals. 

Mulching Crops with Paper 

For many years it has been the custom in the 
Hawaiian sugar plantations to leave the crop 
refuse, such as leaves, tops, etc., between the 
rows. This mulch served the double duty of con- 
serving the soil moisture and keeping down the 
weed growth. Because of the temporary nature 
of such mulch, it occurred to Mr. C. F. Eckart, 
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manager of one of the plantations, to place be^ 
tween the rows a cheap grade of asphalt paper. 
This was so successful that he later completely 
covered the field. The stiff shoots of the sugar- 
cane would penetrate the paper, while the weed 
would not. This was later extended to the pine- 
apple crop, and. now it is estimated that 90 per 
cent, of this crop is so mulched. Holes are made 
in the paper, so that the pineapples can come 
through. 

Because of the success met with in Hawaii by 
mulching with paper, many experiments have 
been carried out in the United States on various 
vegetables, particularly by Mr. L. H. PUnt. In 
general he has found the production increase to 
range from about 30 to 500 or 600 per cent. 

The reasons for this increase in crop produc- 
tion are many. The paper mulch has the prop- 
erty of keeping the top few inches of soil much 
more moist. It has been found that twelve days 
after a rain the mulched soil may contain as 
much as 20 per cent, more moisture than the un- 
mulched in the same neighborhood. Where weeds 
were allowed to grow, it would doubtless be 
much greater ; for in dry times the chief damage 
which weeds do is to dissipate the moisture in 
the soil through their leaves. Where the plants 
are allowed to grow through perforations, even 
a light rain, ordinarily of little benefit, is of 
great value. What water there is runs through 
ri923 
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the holes directly upon the plants, where it is 
needed. 

It has also been found that the temperature 
under the mulch is on the average about 10 
degrees higher than in the open. This produces 
a semi-tropical condition which allows plants to 
be grown many miles north of their usual 
habitat. It also causes plants to mature weeks 
ahead of their usual time. This not only brings 
better prices, but may frequently allow two 
crops where otherwise only one would be possi- 
ble. It is also found that the increased tempera- 
ture causes nitrate-forming bacteria to work 
faster. Plants taken from mulched soil are 
higher than others in nitrates. 

The cost of labor is obviously lessened. There 
is neither hoeing nor weeding to be done. It is 
also found that plowing is unnecessary. Plow- 
ing is in any case largely for the purpose of 
keeping down weeds, and in the mulch experi- 
ments it is so far found that the crop does not 
suffer from its lack. 

At the present time there are coming on the 
market many papers especially prepared for this 
purpose. Such papers may be left in place for 
as long as five years. Some have perforations 
which will permit moisture to pass through and 
yet check weed growth. Almost any grade of 
asphalt paper will give most of the benefits of 
these special mulching papers ; much work,' how-^ 
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ever, is now being done to develop a lasting 
cheap paper for this purpose. 

When the plants are protected from weed 
competition, they develop, as a rule, to a larger 
size. They are also protected from many plant 
diseases and insects. In fact, the mulch gives 
many of the benefits of a greenhouse without 
the large cost. It will, of course, never replace 
the greenhouse, which offers aU these advantages 
in much greater measure and supplies a year- 
round occupation to its operator. 

Farm Engineering 

Farm engineering is a new name for intelli- 
gent farm planning. Too often a farmer works 
too much with his back and too little with his 
head. He finds himself just so far behind that 
he never has time to stop to think his way out 
of the muddle. It is farmers of this kind who are 
falling by the wayside in the present race. 

There are many engineering factors in produc- 
ing, harvesting, and marketing farm products. 
Let us consider a few of them. Shall the farmer 
clear more of his land for crops ? To do so might 
cost him $150 to $200 per acre, and if he under- 
takes it he figures that he has permanently added 
this value to his farm. Perhaps he has not the 
proper facilities to care for the additional land. 
It may result in poor management for the rest 
of his acres. Perhaps for $40 an acre he might 
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have drained some land now in operation, or 
he might have irrigated some land, and so in- 
creased its efficiency from 10 or 20 per cent, to 
100 per cent, without laying up unnecessary 
work for himself in the future. Drainage and 
irrigation are as a rule given less thought than 
increased acreage. The wise farmer to-day does 
not buy acreage. He buys fertile land with an 
eye to the cost of operation. 

Frequently the farm road may deserve atten- 
tion. The farmer may find that the number of 
loads to harvest a crop may be greatly decreased 
by improving the road to his fields. This may 
be done with easily available stone. It may be 
done by easing the grades. 

It is not uncommon for the load that a farmer 
can draw to market to be limited by the road 
to his own gateway. From there on he finds easy 
grades on hard-surfaced roads. Yet year after 
year he takes undersized loads to town. A little 
work in an off season wotild alleviate this con- 
dition for all time. Proper engineering might 
even suggest a hard-surfaced road in his own 
yard. The moyement of the product is one of 
the first considerations in locating a factory ; it 
should be considered also on the farm. 

Then, too, there is an engineering problem in 
the location and management of the water sup- 
ply. The location is often inconvenient. The 
proper storage and care of his farm machinery 

1:1953 



OUTLINE OP SCIENCE 


may save him hundreds of dollars a year. The 
same is true of his harvested crops. 

"Where a farm employs several laborers, a divi- 
sion of labor is often desirable, giving the men 
charge of those things in which they evince a 
particular interest. This is but following out the 
plan of the management of any business. The 
successful farmer must show executive ability. 

The farmer cannot be expected to know every- 
thing, but he should Imow where to find out 
those things which will help him. If he lacks 
engineering knowledge he will probably save 
himself many dollars in costly errors by calling 
in an engineer. Those who specialize in this kind 
of engineering are now available. It offers a new 
vocation for the engineer, which may be expected 
to become popular with the farm boy, suitably 
gifted, who finds that modem methods have left 
no place for him on the farm, or who prefers 
work of this type. The surveyor’s instrument is 
already taking the place of sighting over posts. 
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PART II 
I 

SOMETHING FOR NEARLY NOTHING 

Chemical Loafers 

One of the most amazing developments of the 
age, in the field of chemistry, is the rate at which 
we are discovering methods of extracting new 
chemicals from the earth’s surface and finding 
uses for them. It is but a few years ago that 
helium was unknown on the earth. Evidence of 
its presence in the stars was given to us by the 
spectroscope, but there was no indication that 
there was any of it present here until it was dis- 
covered by Sir William Ramsay in 1895. In 
1914 there was gathered together on the earth 
as much as two liters of helium for experimental 
purposes. The cost of these two liters of gas was 
at the rate of about $50,000 per cubic foot. To- 
day we obtain helium from the natural gas of 
oil wells at a cost of about twenty cents per 
cubic foot and fill great airships, such as the 
Los Angeles, with it. That is but one of the 
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chemicals, Tinknown fifty years ago, that modern 
science has ferreted out and put to work. 

Aluminum, the common kitchen-utensil ma- 
terial, was hardly known half a century ago. 
There was perhaps less than a pound of pure 
aluminum on the earth. It was more expensive 
than gold, yet there was no use for it except in 
the laboratory. Aluminum is present every- 
where in the materials of the earth’s crust, in 
the form of aluminum compounds. When a cheap 
method of separating out the piue aluminum 
from these compounds was found, there were 
uses enough for it. There are many uses when 
it can be made into kitchen pans to sell for ten 
cents, but few when it costs two or three hun- 
dred dollars a pound. Another element put to 
work! 

Chromium was the most imeless metal imagi- 
nable until methods were found for using it. Its 
first job was in making a high-resistance alloy 
for use in electrical heating devices. Your toaster 
uses such wire. The man who discovered this 
wire did so under the most discouraging circum- 
stances. The first chunk of chromium he obtained 
defied working. It broke every tool he attempted 
to use on it. He had to devise entirely new 
methods in order to handle it. Now we have it 
under control. We are able to plate it on other 
metals. It gives an almost indestructible finish. 
When plated on gears they are practically re- 
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sistant to wear. It gives a beautiful mirror-like 
finish which does not tarnish. Another element 
has found a job! 

But there are many elements which are not 
yet put to work. Beryllium is usually thought of 
as rare. Seven years ago it would have cost $5000 
a pound to produce. To-day it costs but $50 a 
pound and could be produced much more 
cheaply if there were any use for it. It is a 
. plentiful material, altho you have probably 
never seen any of it. It is about two-thirds as 
heavy as aluminum, the color of steel, easily pol- 
ished, and non-tarnishing in air, and when al- 
loyed with other metals makes them hard and 
non-corrosive. Such a material should find plenty 
of work of some kind. 

Titanium is another metal which is usually 
considered a rare element, but there is half 
again as much titanium as carbon on the earth’s 
surface. Yet not more than a millionth as much 
titanium is produced annually as carbon in the 
form of coal alone. 

Cffisium, columbium, dysprosium, erbium, 
europium, gadolinium, gallium, germanium, 
hafnium, holmium, indium, kryton, lanthanium, 
lutecium, masurium, neodymium, praseodym- 
ium, rhenium, rubidium, ruthenium, samarium, 
scandium, terbium, thallium, thorium, thuliiun, 
xenon, yetterbium, and yttrium are all chem- 
ical elements which most of us hear of but once 
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in a lifetime outside the chemical laboratory. 
Yet they all have the same chemical status 
as iron, gold, lead, and so on; elements with 
which we are quite familiar. Nor, as has been 
pointed out, are these elements so rarely heard 
of because they are necessarily rare. It is because 
we have found no use for most of them. 

Occasionally we find some minor employment 
for such unusual elements. Argon, once con- 
sidered rare, is now thro^vn away in actual tons 
of gas each day as a by-product of nitrogen-fi:xa- 
tion plants. Its only use of importance so far 
seems to be in gas-filled incandescent lamps. 
Here, altho used in very small quantities, it is 
estimated that it saves for us $400,000,000 an- 
nually. Its great possibilities are not yet real- 
ized even in men’s thoughts. 

Other rare elements may be working for you 
to some extent. Thorium, present in minute 
amounts on the filaments of radio tubes, saves 
millions of dollars annually. Iridium is another 
practically unknown material, yet you may have 
some of it about you. It is used in springs for 
the fastening of jewelry, in the nibs of fountain 
pens, and in fastening false teeth. You may also 
have some cerium in your possession. It is used 
in the sparkers of cigaret lighters. 

But these are only minor jobs. The potential- 
ity of these elements is as yet wholly irnknown. 
At the present time it is estimated that only 
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two-tenths of the ninety-two elements are being 
used. It will be the chemists’ business in the 
next few years to add to this number. If we are 
to judge by the important developments which 
have followed the introduction of new elements 
into commerce in the past, we may expect to see 
revolutionary changes in the future. Perhaps the 
balance of world power may eventually binge 
upon the possession of materials which to us 
to-day are little more than names. 

Hydrogen — The World’s Smallest Qiant 

"While many atoms have thus been shirking, 
hydrogen, the lightest of aU elements, has been 
greatly overworked. Most of us could probably 
name ofiOiand but one single use of hydrogen — 
for floating balloons or dirigibles in the air. This 
depends only upon its lightness, for, consisting 
as it does of but one positive and one negative 
particle, it is approximately only one-fifteenth 
as heavy as air. 

But floating lighter-than-air craft is an in- 
significant part of the work which this gas can 
do, and depends only upon its property of light- 
ness. It can do heavy work as well. Long ago it 
was found useful in the manufacture of trans- 
former iron. In an atmosphere of hydrogen the 
iron is prevented from oxidizing, and conse- 
quently scaling, when it cools. The hydrogen also 
burns out much of the carbon in the iron, leav- 
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ing a more desirable product for transformer 
purposes. 

Now a new and important use has been found 
for it in welding. Hydrogen is made commer- 
cially by separating the hydrogen from the oxy- 
gen in water. Passing an electric current 
through water separates it into these two com- 
ponents, Now, if the two are again combined in 
a flame, the energy originally required to sepa- 
rate them is given out again, resulting in heat. 
This has led to oxy-hydrogen welding. Further, 
it has been found that if the weld is made in 
the presence of a hydrogen atmosphere a better 
union results. The material is prevented from 
oxidizing. One would think that these two jobs 
were enough for hydrogen to perform in weld- 
ing, yet stfll another has been found. If the 
hydrogen is passed between the terminals of a 
powerful arc, the molecules will be split up into 
atoms. If these are brought into the flame, they 
recombine, giving up intense heat. They have 
transferred the energy of the arc to the flame. 
Thus hydrogen performs three jobs in welding 
alone. 

This new method of welding threatens to 
revolutionize our handling of metals. Formerly 
large motor and dynamo cases were cast. Now 
not more than one per cent, of them are cast. 
They are fabricated by welding. With the mod- 
ern torch the metals can be made to flow and 
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bend. They can be bandied as easily as onf 
would handle cardboard. This method of weld- 
ing promises to displace the noisy riveting ham 
mer in the construction of our skyscrapers. 

In brazing, hydrogen has another function — 
as a flux. In an atmosphere of hydrogen, melted 
copper will flow into almost inconceivably small 
cracks. Thus brazing to-day is usually done in a 
hydrogen atmosphere. Hydrogen is also the best 
of our gases for purposes of cooling; for this 
reason it is often used in the closed cases of 
heavy-duty motors and generators. 

But hydrogen does not give aU its energies 
to the electrical field. It is used in the making 
of gasoline and benzine from coal. This is called 
the hydrogenation of coal. It is used in the mak- 
ing of ammonia in the synthetic-fertilizer indus- 
try. In this way it is of immense benefit to the 
farmer. It also has great value in the hydro- 
genation of cottonseed oil. The atoms of hydro- 
gen are added to each molecule of oil to make the 
solid lard-substitute so common nowadays. 

In addition to all these commercial uses it is 
this gas which has added most to man’s knowl- 
edge of the structure of atoms and of the uni- 
verse. Being the simplest atom in structure, con- 
sisting of but two parts, it is the easiest to- 
understand, and conclusions derived from a 
study of the simple structure can be applied to 
the more complex atoms afterward. In this way 
Cis;] 
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it has been possible to deduce much of our in- 
formation of the universe around us. 

Thus the smallest and lightest of our elements 
finds the most work to do ; and not light work, 
either. It can, by its heat, cut through fifteen 
inches of steel, or it can fioat a child’s toy bal- 
loon gently upward. It can make a useless oil of 
value as a food, or it can add to our knowledge 
of the stars. If our remaining elements were a 
tenth as useful we should not recognize our 
world if they were put on the job. 

Steel Made with Air 

The statement that our entire modern civil- 
ization is bunt upon iron and steel is indeed 
trite. The fact is so obvious as to need no ex- 
pression. To say, then, that any addition to our 
knowledge of steel is of the utmost importance, 
is likewise unnecessary. It is a subject which is 
immune from debate. 

Our knowledge of iron and steel forms a 
branch of modern chemistry. To begin with, we 
know that iron combines very readily with oxy- 
gen. It is this process which forms iron rust. 
Iron rust is, in fact, the material which we dig 
up out of our iron mines. The first job, then, in 
the production of iron is to get the oxygen out 
of the iron and have the pure iron left. This can 
be done by a method of substitution. When the 
iron rust is heated in the presence of carbon, 
11^1 
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tlie carbon replaces the oxygen in the metal. For 
many years beating tbe metal witb charcoal was 
the method used. Now coke is generally em- 
ployed. 

The metal which results from this process is 
usually saturated with carbon. It holds the maxi- 
mum amount — about four pounds per hundred 
pounds of metal. Such material is called pig- 
iron. It is a convenient raw material with which 
to start in the manufacture of any other type of 
iron alloy or steel. It melts and flows readily. 

To understand just how this pig-iron is used 
in the manufacture of aU kinds of steels it is 
first necessary to know just how these are de- 
fined. When iron contains no carbon, or a trifling 
amount, it is called wrought iron. This is the 
material which the blacksmith is able to pound 
out on his anvil. It is a relatively soft material 
and easily worked. Structural steels are those 
which contain up to .75 per cent, of carbon. Tool 
steels contain from .75 to 1.25 per cent, carbon. 
Other steels contain up to 2 per cent, carbon. 
Cast irons contain from 2 to 4.5 per cent, car- 
bon; pig-irons from 3 to 4.5 per cent., and 
foundry irons from 2.5 to 4 per cent, carbon. 

The foundry irons are made by merely reheat- 
ing the pig-iron. In this way some of the carbon 
is removed, and the resulting material is less 
brittle than the pig-iron. Increasing carbon con- 
tent always means that the material becomes 
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harder and more brittle. Decreasing carbon con- 
tent means a softer, more malleable product. 

To make steel it is necessary greatly to reduce 
the carbon content. This was for a long time a 
process so costly as to be prohibitive. It was the 
discovery of the so-called Bessemer process, 
named after the inventor, which brought steels 
down to the point where they could be made as 
cheaply as iron. This discovery led to our 
modern machine age. Without it we would have 
none of our skyscrapers and vast bridges of to- 
day. We should not even have our automobiles 
as we know them. If made at all, the price 
would be prohibitive. The process is merely that 
of burning out the carbon in the iron by passing 
air into the molten liquid. This, with the carbon, 
forms a combustible mixture, which actually 
heats the metal far above its original tempera- 
ture. Controlling the amount of carbon is then 
accomplished by merely controlling the amount 
of air which passes into the molten metal. Thus 
steel of any character can be made at will at 
only the cost of pumping in the air. The dis- 
covery revolutionized the entire iron and steel 
industry. Without this process it was necessary 
to heat the metal over long periods in order to 
burn the carbon out — a costly procedure. 

This single simple discovery has probably 
affected the mode of our lives more than any 
other. There is still much room for improvement. 
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Methods of heat-treating, dramng, rolling, and 
so on, are being constantly improved. Yet the 
structural steel of to-day has a tensile strength 
of only about 80,000 pounds per square inch. 
Our best piano vrire has a tensile strength of 
over 400,000 pounds per square inch. Theoreti- 
cally, steel can have a strength of as much as 
5,000,000 pounds per square inch. The best vre 
can reach, by expensive methods, is but one- 
tenth of this. There is surely room for improve- 
ment here. There is still an opportunity for f» 
discovery as great as that of Bessemer. 

Inoculating Metals 

Of late the attention of the metallurgist has 
been directed toward the study of alloys. When 
two metals are mixed we do not have, as a result, 
a metal with the weakest attributes of each. It is 
not the story of the chain being no stronger than 
its weakest link. Neither do we combine in one 
metal the best properties of each. We may, in 
fact, obtain many different results. We may have 
a material whose properties are as different from 
those of either of the metals combined as would 
be those of a wholly new metal. And this may in 
turn depend upon just what percentage of each 
is present. A small variation in the ratios of 
combination may make a profound difference. 
This makes the study both interesting and. usu- 
ally, profitable. 
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During the present century the steel industry 
has gained greatly from the introduction of 
alloys. One of the first of these ne-w steels -was 
vanadium steel. At that time only a small 
quantity of vanadium had ever been obtained. 
It -was more expensive than gold. It -vras found, 
ho-wever, that a small quantity added to iron 
■wotild produce a very hard metal. The metal, 
unlike high-carbon iron, retained much of its 
toughness. While the amount necessary -n^as so 
slight that the term “inoculation” of iron has 
been used to describe the introduction of the 
vanadium, nevertheless it -was not available in 
sufScient quantities even for this. Years of ex- 
ploration over all the -world was carried out be- 
fore it was found in commercial quantities in 
Peru. 

Since that time we have seen all sorts of in- 
oculated irons introduced. It has been said that 
without these our automobiles would cost at 
least five times what they now do. We are also 
told that had the cars of 1910 been built as 
strongly as those of to-day, their engines would 
not have been powerful enough to pull them. 
This is what the introduction of these new alloys, 
or inoculated steels, has done for us. 

We have all noted the recent introduction of 
so-called stainless steel. This first appeared in 
cutlery. It was useful in the kitchen, as the 
knives retained their brightness instead of black- 
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ening in the usual -way. It was too expensive for 
use where large quantities were necessary. Now 
it has been announced that one of our modern 
automobiles wUl he built almost entirely of this 
steel. It has been cheapened, and will be cheap- 
ened still more, until it -will he used for all ex^ 
posed steel work. It is a steel that contains a 
small amount of chromium. 

By such methods we have steels resistant 
against acids, alkalies, salts, and even fatigue. 
These are inoculated with such materials as 
chromium, molybdenum, nickel, silicou, man- 
ganese, tungsten, etc. We can produce a steel of 
almost any desired properties now; the future 
win be concerned largely -with cheapening these 
materials. 

The x-ray studies of alloys are now beginning 
to tell us what happens when two or more metals 
are thus put together. In pure copper, for ex- 
ample, the atoms are piled together like spherical 
shot. Bach atom touches twelve neighbors. As 
zinc is added, the atoms of zinc at first distribute 
themselves at random. As the amount increases, 
a new pattern -will eventually he formed, in 
which each atom touches but eight neighbors. 
Next a very profound change takes place. As 
more zinc is added, the atoms rearrange them- 
selves completely. The unit becomes twenty- 
seven times as large as before, and there are 
fifty-two atoms in it. This alloy is very hard 
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and brittle. There is an alloy of copper with 
tin, and one with aluminum, in which the same 
sort of change takes place. Studies such as these 
direct us along intelligent lines in our search fox' 
new aUoys. 

Chromium, the Newcomer 

Eanlring in importance with the production of 
new alloys, go the new developments in the plat- 
ing of one metal upon another. Perhaps the 
tmderlying metal has nearly all the properties 
desired; yet it may not be free from corrosion 
where it is to be used, or it may not be suffi- 
ciently pleasing to the eye. Here is where plat- 
ing solves the problem. 

Of all the more recent developments in plat- 
ing, that of chromium plating has proved the 
most valuable. Chromium is a particularly beau- 
tiful metal. It has a bright, platinum-like, satiny 
surface, and is free from corrosion from almost 
any known cause. 

For many years our bright automobile parts 
were nickel plated. 'While this added to the 
beauty of the car when new, the nickel tarnished 
quickly, and, in the frequent polishings neces- 
sary, it sometimes wore off completely, exposing 
the metal underneath. Here lay the first major 
use of chromium; chromium plating on auto- 
mobiles was the form in which it was introduced 
to the public. And this was but a short time ago. 
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Sucli plating is almost indestructible, and its 
bright surface never tarnishes and never needs 
polishing. 

Prom this first use we find it branching out 
in all directions. Apartments are now being built 
in which all the metal fixtures are chromium- 
plated. Bathroom fixtures, door handles, and all 
other fixtures exposed to moisture, when plated 
with chromium, wiU retain their luster until the 
building is demolished. The built-in mirrors in 
such apartments are also of chromium. They are 
both beautiful and unbreakable. 

And now we find this metal becoming even 
more aristocratic. It is already possible to buy 
chromium-plated tableware. This has aU the 
beauty of silver, and never needs polishing. To 
wash it, it is only necessary to hold it under 
the hot-water faucet. It will not dry spotted as 
will silver. This makes the old-fashioned unsani- 
tary dishcloth a thing of the past. 

But chromium plate is not satisfied with even 
this conquest. It is now being sold extensively 
as jewelry. The beautiful necklace which appears 
to be of the finest platinum, may, in fact, be but 
a chromium-plated article. Yet it is beautiful 
and -will neither tarnish itself nor blacken the 
skin. Jewelry to be beautiful no longer need be 
expensive. 

But there are other developments in the field 
of plating. It is now possible to plate alumiaum 
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on steel in the laboratory. If this can be made 
a commercially feasible project, we may soon 
expect to see our bridges made of sbiaing alumi- 
niun strands. Aluminum, being much cheaper 
than chromium, will find many uses where the 
cost would not justify the use of the brighter 
metal. 

The methods of plating are also applicable to 
other problems. Nearly aU of our pure copper 
to-day is obtained in this manner. The copper is 
plated on an electrode by means of the same 
process used in ordinary plating. In the process 
the impurities fall to the bottom of the electro- 
lytic tank. 

Barium at $12,000,000 an Ounce 

Did you know that there was actually in 
existence and in every-day use a material that 
is worth $12,000,000 an oimce? There is! This 
metal is no other than barium, a chemical ele- 
ment easy to obtain in large quantities cheaply. 
It is worth this enormous sum of money only 
when it is in the right place — on the filaments 
of vacuum tubes. 

When a tungsten filament is heated it gives 
off electrons. This is a property which is neces- 
sary in vacuum-tube operation. It is the control 
of the fiow of these electrons across the tube 
which makes the tube of value. Now, any way 
in which more electrons can be produced makes 
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the tube just so much more useful. Thus the 
problem is to get a plentiful supply of electrons 
from the filament at the lowest possible cost. 
Increasing the temperature of the filament by 
running more current through it is one way of 
getting more electrons, but this raises the cost 
for current and shortens the length of life of 
the tube. The other way is to coat the filament 
with barium osid or some other material such 
as strontium or caesium oxid. This, for some 
little-understood reason, has the ability greatly 
to increase the flow of electrons from the fila- 
ment without the necessity of increasing the 
current through it. In fact, it wfil, with the 
same current, increase the electron flow about 
ten times. 

Such coated filaments are in use in telephone 
repeater tubes and are working every day for 
telephone subscribers. It is in the saving in these 
that the value of $12,000,000 per ounce was 
estimated. Taking the cost of storage-battery 
power as thirty cents a kilowatt-hour, the power 
burned by such a tube during its life would 
cost $13.50. A clean tungsten filament would re- 
quire ten times this. We may take the saving, 
then, as about $120 for the life of each tube. It 
requires but 0.0003 gram of barium for each 
tube to effect this saving. There is thus a saving 
of $400,000 per gram of barium used. In the 
Bell Telephone System alone there are 60,000 of 
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these tubes in use. This means that in the entire 
system there is slightly more than half an ounce 
of this material at ■work ; yet it gives an annual 
saving to the company of $7,000,000. Hence the 
saving per ounce -would be roughly $12,000,000. 
Thus -we find that, -while the metal barium is 
not classed among the rare metals, -when put to 
this use it has an actual value -which makes that 
of platinum, or of diamonds, appear but little 
more than that of the dust of the street. 

In this connection there comes to mind an- 
other material -which has like-wise proved of im- 
mense value in the field of telephony. This is the 
magnetic alloy kno-wn as permalloy. It is an alloy 
of nickel and iron and has properties of mag- 
netism much more desirable than those of pure 
iron. It is necessary, in long-distance telephon- 
ing, to have loading cods in the circuit — ^for clar- 
ity of transmission. These loading cods are -waste- 
ful of energy, however. At first they had iron 
cores, which were later replaced by powdered 
iron, each grain insulated electrically from every 
other. This resulted in a great sa-^ing. But the 
cods were stdl large and, in their electrical 
properties, wastefid. The new permaUoy cods 
are very much smaUer than the old iron cores; 
they perform the same function, and whde their 
initial cost is much greater than the cost of the 
iron cores, the saving due to them is enormous. 
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So much is this so that these coils, resembling 
doughnuts in shape, have been called million- 
doUar doughnuts. Again we see the value of 
getting the right material in the right place. 


r253 



n 

NEW PRODUCTS FROM OLD MATERIALS 
Money from Smoke 

Those who think of coal merely as something 
to shovel into the furnace to produce heat are 
now a few years behind the march of progress. 
"We have recently learned that there are a lot 
of things wliich can be made from coal. We 
have come to regard it as a raw product ; merely 
the place from which to start in the manufacture 
of a number of articles of great commercial 
v^alue. The fact that it will burn and produce 
heat is but one of its characteristics, and while 
this is, of course, important, we have learned 
that in this case, at least, we can have our cake 
and eat it too. In other words, we can have as 
much heat from our pound of coal as we have 
always had, and yet obtain from it a number 
of very useful materials besides. Perhaps, as you 
have watched the smoke curl up from a great 
stack, it may have occurred to you that some- 
thing of value might be contained therein. If 
these have been your thoughts they are correct. 
In some poor grades of soft coal as much as 
forty per cent, of the weight of the coal may be , 
in volatile products — ^products that become gase- 
ous at low temperatures. To have a volatile con- 
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tent of as much as twenty or twenty-five per 
cent, is quite the usual thing. In such a case, 
for every hundred pounds of coal shoveled into 
the furnace twenty-five go up the stack. This 
does not take into account the black part of the 
smoke, which is carbon unconsumed because of 
poor combustion in the furnace — ^so much added 
waste. In the smoke which we have been send- 
ing out to pollute the air there are materials 
of value which, by suitable methods, can be re- 
covered. 

To recover these products of combustion re- 
quires, of course, suitable equipment. It would 
not be feasible to attempt to do this in every 
household nor even in every factory. It costs 
something to collect and purify these materials- 
In the past, methods of doing this have not been 
sufficiently economical to afford encouragement. 
Now new methods of low-temperature distilla- 
tion have changed all that. It is now possible to 
drive off these by-products and to have the heat- 
producing part of the coal — coke — still left in 
its most desirable state. 

In the past the coke which one purchased on 
the market was a by-product from the gas- 
house. Distributers of gas for local uses, after 
driving off all that was of value for their pur- 
pose, sold the resulting coke purely as a by- 
product. Now we are putting the shoe on the 
other foot. Large plants are ^ringing up aU 
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over tlie country in ■which the manufacture of 
coke as a smokeless fuel is the primary purpose. 
The volatile products are the by-products in this 
case. The result is a superior grade of coke to 
that vdth which we have been familiar. 

In Germany this process has resulted, in some 
cases, in the burning of coal at the mine-mouth, 
piping the gas to the cities, and sending only 
the coke by rail. Gas from the Euhr district now 
supplies Berlin, about five hundred miles dis- 
tant, as well as intermediate towns and cities. 
Here is an advantage over the age-long dream 
of generating electricity at the mine-mouth, a 
system which requires a larger quantity of water 
than is usually available, for condensers. Al- 
ready in the United States we have a similar 
project well on its way. A large corporation is 
supplying much of the northern part of New 
Jersey with by-product gas from the coke in- 
dustry. Some of the pipe-lines in this case are 
seventy-five miles long. 

The beehive ovens used in the manufacture of 
coke for the steel industry are also beginning to 
be harnessed. The long flames which one used to 
see flaring out at night from the many coke 
ovens in the vicinity of Pittsburgh will doubt- 
less soon be things of the past. They are a spec- 
tacular but wasteful show. 
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Goal-Burning Motor-Cars 

Along witli the saving which we are beginning 
to effect in the recovery of waste products of 
coal combustion, we are also learning new ways 
to burn our fuel more economically. One of the 
newest of these ways is in the form of powder. 
The coal is first ground to a very fine dust, and 
by means of blowers is shot into the combustion 
chamber through nozles which resemble the 
nozles used in the burning of gas. The long 
blue flame, which results, also resembles closely 
the usual type of gas flame. 

The advantage of burning coal in this way is> 
at once obvious. In the first place, combustion of 
coal requires oxygen. Unless this gas comes in 
contact with each carbon particle, it cannot burn. 
In the powdered form each carbon spech has 
ready access to an oxygen supply on all sides, 
and the resultant combustion is almost perfect. 
It is also obvious that this method gives accurate 
control of combustion, so that the temperature 
of the furnace can be maintained within close 
limits. The fire can be started and stopped as 
quickly as would be the case with gas. On the 
other hand, one should not forget that the use 
of powdered coal must result in a sufficient sav- 
ing to offset the original cost, and the cost of 
operating the pulverizing apparatus and the 
blowing equipment as well. Again, on the debit 
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side -we must not overlook the constant danger 
of explosion. Dust, in almost any material, con- 
stitutes a dangerous hazard. Am explosion is, 
after all, nothing more than rapid combustion, 
and coal in a powdered form will burn with e:S- 
plosive rapidity. 

So far most of the powdered-coal installations 
have been on land where space was easily avail- 
able for the powdering machines and blowers. 
Only recently has any attempt been made to 
utilize this fuel in other than stationary engines. 
This is because it has been necessary to powder 
it as it is used in order to avoid the danger of 
storage. Eecently, however, a few ships have 
been equipped with powdered-coal installations, 
and, altho figures are not available to prove the 
point, it appears that they have been function- 
ing satisiactoTiiy. On sidps ‘the saving in 
actual operation must be greater than on land 
in order to compensate for the space taken up b5 
the auxiliary equipment. 

Undoubtedly the most novel and interesting 
use to which powdered coal has been put is in 
the running of an internal-combustion engine. 
While it is not generally known, it is a fact 
lhat the first Diesel engine was designed to be 
operated on powdered fuel of this sort; but it 
proved impractical because the ash got into and 
injured the bearings. It is now claimed that this 
difficulty has been overcome. The result may he 
i:3on 



NEW PEODUCTS FROM OLD MATERIALS 


a great change in the transportation of heavy 
materials in many places. Even now, in Africa, 
there are in nse many steam wagons which use 
coal in the solid form as fuel to generate their 
power. In spite of the fact that it requires two 
men to operate these trucks, one to drive and one 
to operate the engine, they are economical be- 
cause of the high cost of gasoline. Heavy inter- 
nal-combustion engines which would burn pow- 
dered coal would be a great help. H they are 
sufficiently economical, they are likely to find a 
ready welcome in such countries as Germany. 
Most of the European eoimtries are dependent 
upon Russia for gasoline and oil. Some, like 
Germany, have immense deposits of coal which 
they could thus turn to ready use. There would 
appear to be a real future for such an engine. 

Perfume from the Coal Pile 

On the other hand, chemists may make such 
an engine obsolete before it ever becomes a suc- 
cess. Already liquid fuel made from coal is for 
sale on the streets of Berlin. This synthetic 
gasoline is the result of the researches of the 
German chemist. Dr. Friedrich Bergius. The 
method is one of high temperatures and pres- 
sures. The coal is first ground into very small 
pieces and then mixed with a heavy oil to form 
a thick paste. This is put into a steel retort in 
an atmosphere of hydrogen and subjected to a 
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temperature of 800 degrees Pahrenlieit and to a 
pressure of 3000 pounds per square inch. Under 
these conditions the hydrogen combines with the 
carbon of the coal to form gaseous, liquid, and 
solid materials similar to those from oil weUs. 
The products have been described as follows : 

A ton of common bituminous coal will yield 
300 pounds of gasoline, 400 pounds of heavier 
oils suitable for Diesel internal-combustion en- 
gines, 120 pounds of lubricating oils, and 160 
pounds of fuel oils. As a rule about forty gal- 
lons of marketable gasoline can be expected 
from a ton of soft coal. The 120 pounds of 
lubricating oils are nsed in impregnating an- 
other batch of powdered coal. Among the prod- 
ucts of this process is a quantity of carbolic 
acid or phenol, a familiar antiseptic and also 
a component of bakelite, used in the radio and 
phonograph. 

In the past one of the difiBculties in the way 
of the utilization of this process has been the 
cost of generating the hydrogen. Dr. Bergius ob- 
tains it from one of the gases, methane, which is 
a product of the reaction. This gas, when decom- 
posed by steam, yields four times its own volume 
of hydrogen. Dr. Bergius has estimated that this 
process could be carried out in the United States 
at a cost of about $10 a ton. 

In addition to these, many other products have 
been made from coal. We have substitutes for 
gasoline, petroleum, benzine, parafSn, and so on, 
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and even for snch. materials as wood alcohol. 
Prom the tar contained in the coal we are able 
to make a great variety of things, including such 
apparently unrelated articles as explosives, per- 
fumes, dyes, and ingredients of medicines. The 
list is indeed a long one, and of itself would fill 
a page of this book. Any text-book of modern 
chemistry may be expected to contain such a 
list. Among the most recent items to be added 
to it are synthetic rubber and compressed gas 
for the operation of trucks. 

It now appears that the coal industry is des- 
tined to play a large part in the development 
of agriculture. For many years our sole supply 
of nitrate for use in the manufacture of fer- 
tilizers came from the natural nitrate beds of 
Chile. Now, a number of methods have been de- 
veloped for the synthetic manufacture of these 
nitrates, and one of the most important of these 
is the distillation of coal. Nitrates promise to be 
one of the most important coal by-products of 
the future. 

Bringing the Rainbow to Earth 

One of the greatest achievements of the chem- 
ist has been in the discovery of methods of mak- 
ing dyes. It is difficult for us to imagine, at this 
date, the hardships that men underwent in times 
gone by to bring the dye, indigo, by caravans 
from the East to the civilization of Europe. It 
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is difBctilt to imagine the dangers that were later 
undergone to carry cargoes of indigo around the 
Cape and up to Europe, a difficult if slightly 
safer route than that of the caravan. And later 
added to this trade came cochineal, an American 
product. 

AU this trade, romantic tho it may have been, 
is noTV a thing of the past. The chemist is able, 
to make more and better dyes than nature ever 
made. Whereas Nature made but one good dye, 
indigo, which ranked in value with gold and the 
precious spices, man can now make dyes of any 
color cheaply and can even make indigo dye 
better than can Nature herself. 

Something of the difficulty that confronted 
the chemist in this conquest is shown by the 
description of the problem which has been given 
by Dr. E-. E. Ease, The problem, as Dr. Eose 
puts it, was this : 

To find how to make compounds that were 
reasonably accessible, that imparted useful hues 
to cotton, that could be applied by aU the 
mechanical methods already known to the dyer, 
that were entirely insoluble in water, soap, and 
alkalies, that were chemically inert and there- 
fore resistant to the action of light and oxidiz- 
ing agents and even bleach, and that could be 
converted into water-soluble products by an 
easy cheap process, that would be colloidal when 
dissolved, and would possess colloidal dimen- 
sions in “solution” such that the dyes would ex- 
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Baust or go on to the fiber from the bath, and 
■would return, ■when on the fiber, to an insoluble 
material. 

It is remarkable that any set of materials 
could ever fulfil such specifications. 

For our dyes ■we are primarily indebted to 
three chemists. Perkin, an Englishman, set out 
■to find quinine, but instead discovered the basic 
colors obtained from coal-ter. Prom this black, 
unpromising material have come the basic colors, 
mauve, safranine, magenta, methyl violet, crys- 
tal ■violet, malachite green, and auramine. 

The second of the chemists, who have con- 
tributed fundamentally to our store of dyes, was 
Peter Griess. Experimenting on the action of 
nitrous acid on 'such amines as aniline, he un- 
covered the whole field of the so-called azo dyes. 
This gave us a whole new series of dyes of ■un- 
usual properties in the dyeing of cloth. 

The crowning touch to our knowledge of dyes 
was made by the work of Rene Bohn. He set 
out definitely to build up molecular structures 
resembling that of the best dye which Nature had 
produced, indigo. How could he produce mole- 
cules similar to those of indigo? How could he 
equal if not outdo Nature ? His first success was 
the production of beta-amino anthraquinone 
fused ■with potassium hydroxid. This gave a blue 
which was a better color than indigo and dyed 
cotton faster than any dye previously known, 
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Chlorinating gave a greenish-blue color still 
more desirable. This was the first of the so-called 
vat colors. As the result of the work of Bohn, 
and that of others who entered this interesting 
field of discovery, the vat colors include t6-day 
all colors from the greenest yellows through 
pinks, blues, greens, and black. The chemist has 
been able to outdo Nature completely. He has 
brought the rainbow to earth. 

Is Glass a Gift of Nature? 

We have become so used to glass that it does 
not strike us particularly as a blessing. We think 
of glass as something handed to us by Nature 
in much the same way as she has supplied us 
with water and air. This is far from the ease. 
Glass is a man-made product. It is wrested from 
Nature by the cleverness of chemists. True, those 
who first produced glass could hardly be called 
chemists, as we define the word to-day. Neverthe- 
less, they made the glass by methods which cer- 
tainly must be called applied chemistry, xmless, 
of course, we are to regard the religious cere- 
monies which accompanied the manufacture in 
early times as a necessary part of the process. 

As a matter of fact, we may even criticize our 
chemists of to-day and justly accuse them of add- 
ing but little to the process given to us by the 
ancients. The early glass-makers probably did 
a better job than they themselves supposed. 
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True, they used laborious methods ; they did not 
have pure materials, nor did they know how to 
purify them. They did not have high tempera- 
tures available, and this marred their success 
somewhat. Nevertheless, we have learned and are 
still learning much about the manufacture of 
glass from the empirical methods which they 
gave to us. 

If we examine into their records we see that 
they varied from modern practise only in the 
lack of modern equipment and in the religious 
ceremonies attendant upon the manufacture. In 
the British Museum some tablets taken from the 
Temple of Nabu describe glass-making in As- 
syria in the seventh century b. c. Let us consider 
first the translation of these by R. Campbell 
Thompson, and then later let us consider some 
comments on these directions by the noted glass- 
chemist, Mr. P. C. Flint. The translation reads 
as follows: 

THE MAKING OF ASSYRIAN GLASS 

Translations of 
R. Campbell Thompson 

A. The preparation of the furnace. 

(L. 1). When thou settest out the ground-plan 
. of a furnace for “minerals” thou shalt seek out 
a favorable day in a fortunate month, and thou 
shalt set out the ground-plan of the furnace. 
While they are making the furnace thou shalt 
watch them and work thyself, in the house of the 
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furnace : Thou shalt bring in embroys (bom be- 
fore their time) . . , another, a stranger, shall 
not enter, nor shall one that is unclean tread be- 
fore them: the day when thou puttest down the 
“mineral” into the furnace thou shalt make a 
sacrifice before the embroys; thou shalt set a 
censer of pine incense, thou shalt pour kurunnar 
bbr. before them . . . 

The wood which thou shalt bum underneath 
the furnace shall be styrax, thick, decorticated 
billets which have not lain exposed in bundles 
but have been kept in leather coverings, cut in 
the month Ab. This wood shall go underneath 
thy furnace. 

B. The making of the frit. 

(L. 13). If clear (ibbu) blue glass is for thee to 
make, thou shalt crush separately: 

10 manaof sand (equal to about ten pounds) ; 
15 mana of alkali ash (equal to about fifteen 
pounds) ; 1 % mana of styrax gum (equal to 
about H pound). 

Thou shalt mix them together and put them 
down in the furnace whereof the floor of the 
apertures is cold, and settle them evenly between 
the apertures. Thou shalt keep a good, smokeless 
fire burning until the “metal” is at white heat: 
then thou shalt take it down into the furnace 
which has been let grow cold: then thou shalt 
keep a good smokeless fire burning until it lique- 
fies : then thou shalt pour it on burnt brick. 

Of this and its continuation Mh. Flint says 

In this tablet mention is made of the use of 
gold, antimony and tin oxid for red glass. These 
are still used, tho lately in America we have 
added selenium and uranium to the list. They 
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also mention the use of ferric oxid, arsenic, 
chalk, saltpeter, alkali (salicomia), copper, 
manganese, sulphids, mercury and sand. 

In other words, in that ancient day they were 
using nearly as many ingredients as we are to- 
day. Also, the raw materials were probably im- 
pure. That is why they found it necessary to use 
so much soda ash. Modem batches to-day would 
call for 1,000 mana of sand and only about 400 
mana of soda ash and 200 mana of limestone. 
Probably the ash introduced considerable sand 
of its own accord. It must have introduced a 
little lime also, as they did not use very much. 

On the whole, however, the formulas which 
they used then were remarkably similar to the 
formulas we use now. What we have learned 
about glass-making has been limited to refine- 
ments in the raw materials, sources of heat, and 
speed. ' They used pot furnaces, which are still 
used in Europe and parts of the United States. 
The bulk of the glass now is made in large fur- 
naces. 

The New Structural Material — Glass 

It is clear from this that the fundamentals of 
glass-making are far from new. True, we have 
advanced far beyond the early artisans, both in 
quality of material and in economies of labor. 
In early civilization, clear glass was a rarity. 
Glass was used mainly for purposes of decora- 
tion. It was accordingly, for the most part, 
either colored or opaque. We have added tre- 
mendously to the uses of glass. Our electric-light 
bulbs, our radio tubes, our use of glass bottles, 
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glass -used as electrical insulation, all add 
greatly to the demand. One need not think long 
to bring to mind hundreds of uses ■which make 
glass essential to our ei'vdlization. Scores of in- 
dustries owe their being to glass. 

Under these conditions it is to be expected 
that the glass-maker -will leave no stone un- 
■turned to improve his product. Pure materials 
go a long way toward this improvement. Conse- 
quently he searches the earth from end to end 
for the exact ingredients which he requires. He 
wants them in their purest forms. Neither is he 
satisfied in merely obtaining a result which is 
desirable. He wants to know exactly how the 
result was obtained. All this is a job for the 
chemist. 

Glass is about three-fourths sand. It is neces- 
sary that the sand be the purest obtainable. In 
this country the chief sources are in West Vir- 
ginia and Illinois. We import some from Prance 
and Belgium. The sand is washed many times 
before it is put into the melting pot to remove 
any impurity. But sand alone could not be 
melted except under enormously high tempera- 
tures. When soda and lime are added, however, 
a melting point of 2600 degrees Pahrenheit re- 
sults. This is a white heat. 

Such a process would, of course, result in 
making glass. But it would be glass such as you 
would not be willing to accept for many of the 
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purposes for wliicli glass is ordinarily used. It 
would be a dirty green product. It needs many 
things to make it acceptable. Antimony, or per- 
haps niter, must be added to give glass the 
brilliancy which we associate with it. But this 
still does not give us the finished product. Mixed 
in with the materials used there is usually some 
iron. It would be much too costly to remove the 
small amount of iron present by chemical 
methods. We must, instead, neutralize its effect. 
The greenish cast that is the result of this iron 
is accordingly removed by the introduction of 
cobalt. The action of the cobalt has been de- 
scribed by Mr. Flint — to whom the author is 
indebted for much of this information — as re- 
sembling the action of bluing on clothes. It re- 
quires but one part of cobalt in 400,000 of glass 
to take out the green color. The addition of 
selenium also helps in this neutralization process. 

The addition of larger quantities of cobalt 
than are needed to neutralize the green, results 
in a blue glass, which will become dark blue 
when one part in 2000 is used. The addition of 
selenium gives the glass an attractive pink color, 
which is much used in tableware. Large quan- 
tities of selenium give a deep red glass suitable 
for signals. Copper or chromium added to glass 
produces a bluish-green material. Uranium 
makes yellow glass. Cryolite and fluorspar are 
used in the manufacture of the white or opal 
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glass. The heat-resisting glass, which has come 
into comparatively recent use, is the result of 
the introduction of boron into the glass. Only 
very recently the introduction of other materials, 
as yet not generally known, has given us glass 
transparent to the ultra-violet rays, and also 
non-shatterable glass. Chemists are spending a 
great deal of time in the improving of these 
glasses. 

In the manufacture of various articles from 
?lass there are hut two fundamental processes. 
Either the hot glass is pressed into molds, much 
as iron castings are made, or else it is collected 
into globules on the ends of hollow pipes and 
blown into shape. Both of these processes were 
hand jobs until recently. Now glass-working 
machinery has almost entirely replaced hand 
labor. One can almost say that only in artistic 
glassware is hand labor now used. Even in such 
a comparatively complicated process as that 
used in the manufacture of radio tubes one 
finds the work done by machines. Placed on large 
slowly rotating tables, the tubes pass from one 
set of fiames to another, until each has had 
sealed into it the internal electrodes, has been 
properly shaped, has had the air exhausted from 
inside by powerful vacuum pumps, and has 
finally been sealed off, complete except for fas- 
tening on the base. This is but typical of the 
modem methods of glass handling. Similar ex- 
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amples could be drawn from almost any process 
in wbieb glass is made into useful articles. 

Sucb, in brief, have been the methods which 
have surrounded us with glass, until the idea 
of Ihdng in glass houses is no longer a matter 
of imagination. In some factories and office 
buHdings, as we all know, the major portion of 
the exterior shell is glass; but the time may not 
be far off when the walls themselves will be built 
of opaque glass blocks. Glass is being developed 
as a structural material, and such blocks could 
be manufactured now if the cost were brought 
low enough to compete with other building ma- 
terials such as stone, brick, and cement. It is 
small wonder that we take our abundant glass 
for granted, almost like water and air. It is well 
to recall occasionaUy, however, that even glass 
windows were once a luxury. 

A Chemical Dr. J ekyll and Mr. Hyde 

To include alcohol along with such industrial 
materials as have been described may seem a bit 
surprizing; it does not appear to belong with 
such admittedly important materials as coal, 
dyes, and glass. Just because it seems out of 
place in such company, however, it is all the 
more interesting to find it here, industrially it 
is an exceptionally important material. We see 
Alcohol on the streets late at night, and conclude 
that he is a rowdy fellow. We do not see him 
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tlie^next day when he is hard at work turning 
out useful products which even the most tem- 
perate of us will be willing enough to use. It is 
to this hard-working side of the chemical Dr. 
Jelvyll and Mr. Hyde that your attention is 
called. Before describing its uses, however, the 
author is tempted to quote some amusing figures 
given by Dr. R. E. Rose. He %vrites: 

The chemist is not much interested, as a mem- 
ber of his profession, in the advantages or dis- 
advantages of the control of alcohol for drink- 
ing purposes. It amuses him to think of the 
Eighteenth Amendment in terms of molecules. 
Perhaps it would be terrifying to a rabid Pro- 
hibitionist to know that a liquor containing one 
million times one million times one million times 
16,000 molecules of alcohol in one teaspoonful 
would still be entirely legal, so that after all the 
human body can stand quite a number of alcohol 
molecules. 

Perhaps this is but one of the little jokes of 
our Mr. Hyde. 

But, quite apart from the importance of alco- 
hol in social-welfare problems, it is of great im- 
portance industrially. In fact, in one particular 
it can be said to be next in importance to water. 
Water owes its chemical importance to its great 
ability as a solvent. More useful solids can be 
dissolved in water than in any other liqtdd. 
Second to water comes alcohol. It will dissolve 
many things which can be dissolved by water, 
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and many more besides -wbicb water will not 
dissolve. Herein lies its chief value. 

As an outstanding example of the industrial 
value of alcohol- let us consider our modern 
enduring lacquers. We all know that to-day our 
automobiles are sprayed with a lacquer that is 
many times as resistant to weather as was the 
paint used but a few years ago. Not only is it 
more durable, but it is a large factor in the re- 
duction of cost of manufacture. Instead of re- 
quiring many coats of paint and varnish, a great 
deal of rubbing down to get a smooth surface, 
and two or three weeks’ drying period, the 
bodies are sprayed and are ready for use in a 
matter of hours as compared to days by the old 
process. This conserves space, saves labor, elim- 
inates storage cost, and frees capital. We must 
thank alcohol. It can be converted into ethyl 
acetate and ethyl butyrate, which are used to 
dissolve the nitrocellulose which is the base of 
these new lacquers. This is but one of the more 
striking and recent uses of alcohol in commerce. 
There are many others, as any chemist can tell 
you. 

Perhaps the analogy with Dr. Jekyll will be 
even more justifiable if another use of alcohol is 
cited. Beside alcohol, Dr. Jekyll, be he the best 
doctor the world affords, must indeed take a 
very secondary place. But be not alarmed; this 
praise has nothing to do with alcohol as a 
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beverage. It relates to something quite different. 
Ether, that anesthetic with which so many of 
us have become familiar in our experience on the 
operating table, is made directly from alcohol. 
If you take two atoms of hydrogen and one of 
oxygen from two molecules of alcohol, you have 
left a molecide of ether. With the hydrogen and 
oxygen which you have removed you could make 
a molecule of water. Was the praise justified? 
Has not ether prevented more pain, made more 
operations possible, saved more lives, than the 
most noted of the world’s physicians? 

But we do not as yet know all that alcohol 
can do for us as a chemical. We have already— 
in Part I — discussed the use of ethylene gas for 
ripening fruits and for shortening the period of 
dormancy of potatoes. This promises important 
developments in the field of agriculture. Ethyl- 
ene is another beneficent agent. It is made by 
puUing a molecule of water from a single mole- 
cule of alcohol. 

Alcohol is not always a reprobate. It behooves 
us, then, in curbing his merry-maldng, to be sure 
that we at the same time do not prohibit him 
from doing useful work. 
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neavy Jois for Bacteria and for Molds 


The enormous amount of research that is be- 
ing done in the industries to-day has resulted in 
an entirely new outlook on the part of the busi- 
ness world. No one knows where his business will 
be to-morrow. One of the last industries to think 
of research was the cotton industry. Yet almost 
overnight the cotton industry finds itself in com- 
petition with artificial silk. If it had taken the 
proper course, it should, itself, have been the 
first in this new field. Now it finds itself in a 
competition for which it is far from well 
equipped. While the coal industry was spending 
most of its energies in internal difficulties, it 
suddenly awoke to find its place being taken by 
the oil industry. Now, awakened, it is carrying 
on research to find new outlets for its raw ma- 
terial. In the meantime it has suffered severely. 
It felt as safe from competition as does the milk 
industry to-day. Yet who can say that we may 
not have synthetic milk? 

No industry, to-day, is safe without research. 
No business is free from competition, and the 
competition does not stay within a single indus- 
try. The customer may choose between a radio, 
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a camera, or a phonograph. He will buy the one 
which is the farthest along in its development. 
If the sound produced from the radio is more 
true to life than the pictures produced by the 
camera, he will probably buy the radio. Com- 
petition now knows no limit. 

The fact that no one can tell in which direc- 
tion research will develop has been a great 
annoyance to the business man. He feels that 
something is wrong in a case of this kind. If his 
chemists set out to make synthetic rubber, he 
expects them to make synthetic rubber. This they 
may not do. If they take advantage of lucky 
breaks they may turn out something quite dif- 
ferent. It was in just this way that our modern 
lacquers came into existence. 

To make synthetic rubber cheap, butyl alco- 
hol was necessary. It was foimd that certain 
bacteria would ferment starch and produce butyl 
alcohol and acetone. Acetone was needed to make 
smokeless powder during the war, and the bac- 
terial method of manufacture was used. Great 
tanks of the butyl alcohol were stored, as no one 
had a use for it. Twice as much butyl alcohol 
as acetone is produced by this method. 

After the war great quantities of nitrocellu- 
lose, used in making explosives, were available, 
and butyl acetate was a good solvent for this. 
Accordingly the butyl alcohol was made into 
butyl acetate and used to dissolve the nitro- 
C48 3 



MODERN MIRACLES 

cellulose. Thus a new kind o£ lacquer came into 
being as the result, initially, of the search for 
methods of making artificial rubber. The proba- 
bility is that this lacquer is of more value to the 
automotive industry than would have been the 
synthetic rubber which was the original quest. 
Such things make it impossible to predict where 
research will lead to. It is the common story of 
research. 

The use of bacteria to assist in chemical re- 
actions is becoming of increasing importance. 
The same thing can also be said of the use of 
molds. We normally think of molds as being like 
that furry substance which spreads over bread 
left too long in the bread-box; but this is only 
one member of the great mold family. These 
molds are often expert chemical technicians. 
They can perform, quite simply, chemical jobs 
that would require the erection of great plants 
extending over acres if we were to do them by 
purely chemical methods. “Microbiological chem- 
istry is the chemistry of the future,” say Dr- 
Horaee T. Herrick and Mr. Orville E. May, of 
the United States Bureau of Chemistry and 
Soils, continuing: 

Most of nature’s growth processes are cata- 
lytic, by the action of enzymes. When the chemist 
or engineer attempts to duplicate them, he takes 
acres of ground, tons of machinery, the pro- 
ductive labor of hundreds of men, to imitate 
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what nature has done in the stem of a plant or 
the leaf of the tree, and frequently he makes a 
had job of it. 

Tartaric acid is formed in the grape from the 
same materials from which the dextrose also 
found there is produced, and tartaric acid can 
also be manufactured from dextrose by a bio- 
chemical reaction. There is a mold somewhere 
that ^vill do the same work — the task is to find it 
and put it to work in the conditions under which 
it will work most happily. For molds are tem- 
peramental, but so is the human laborer, and 
molds have their advantages. They do not sleep 
on the job, they work twenty-four-hour shifts, 
there is no strike, no turnover. All they need is 
infinitesimal quantities of food, a comfortable 
home in a temperate climate, and protection 
from their enemies. 

Thus we see that there is more ahead for the 
chemist than one would at first suppose. It is not 
enough that he find uses for idle elements ; it is 
not enough that he give us constantly new alloys, 
or that he make merely a better product ; in the 
competition for the customer’s money he must 
strive for an ideal product. But, after all this, he 
must begin to study bacteria and molds in the 
hope that he may find one that will do a job, 
perhaps not even guessed at yet, better than he 
can do it by purely chemical means. He must 
put bacteria to work to make lacquer for our 
cars. He must put molds to work making color- 
ing matters, sugars, starch, fats, urea, and alco- 
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hols. He must put them to work making citric 
acid from dextrose, as difficult a chemical task 
as can be found. Such is the occupation of our 
modern chemist. 

Peacetime Dividends from a War Service 

Nearly everyone is familiar with the work that 
Was done by the Chemical Warfare Service dur- 
ing the World War. We all know how, by the de- 
velopment of protective gas-masks, they were able 
to save the troops from the first gas-attacks, and 
how later they were successful in the prepara- 
tion of new gases for the offensive. Even the 
names of the gases used in the war are now 
fairly well known to aU. What have the chemists 
been doing in the meantime? 

Since the war they have been carrying on in- 
cessant research. They have been attempting to 
anticipate everything that a future enemy might 
do ; every new gas which he might introduce. It 
will not do to wait until the enemy appears with 
his new gas. We must be able to meet any and all 
attacks which might come. Thus there are those 
in the Chemical Warfare Service who are con- 
stantly seeking new poisonous gases, and there 
are those, on the other hand, who are constantly 
finding ways of protecting against the new de- 
vices developed by the offensive section. 

Most of the information concerning the real 
successes of this Service, of course, is not avail- 
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able to tlie public. If it were, it would soon 
reach potential enemies, and, in the event of 
war, aU our secrets would be available to them. 
Some things, however, can be told. For example, 
the Service has perfected a new type of gas- 
mask, much lighter than the one used in the last 
war, which gives greater protection and does 
not muffle the voice to such an extent as the 
old. This is a great advantage to those who must 
give oral -commands. It has also been announced 
that an improved chemical mortar has been de- 
veloped which wiU give from two to five times 
the distribution of warfare chemicals that the 
old mortar would give. Methods of laying down 
smoke-screens, other than by these mortars, has 
likewise been improved. Tanks can now be 
equipped with smoke-producing guns, and a 
single airplane can lay down a smoke-screen 
8000 feet long while flying at a speed of from 
150 to 250 miles per hour. 

Perhaps the success of the Chemical "Warfare 
Service can best be mea.sured by its peacetime 
service outside of its actual field. Many of its 
discoveries have been of use in every-day life, 
and these have been turned over to the public. 
These by-products have been important and nu- 
merous, and, realizing that they are only by- 
products, we may get some idea of what the 
chemists must be accomplishing on their major 
problem. 
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Naturally, their "work being largely with 
poisons and protection against them, their con- 
tributions have been in this field. One of these 
has been the development of a peacetime gas- 
mask for protection against carbon monosid. 
This gas is present wherever there has been in- 
complete combustion. It is one of the things 
feared by firemen. Being odorless, it is never de- 
tected through one’s natural senses by the in- 
dividual exposed to it. He must have some 
chemical means of detecting its presence. In the 
past, to enter with any safety a building con- 
taining quantities of carbon monoxid, it was 
necessary to use a mask connected by a long tube 
to an outside source of air. This was seldom 
practical. Now a light mask containing a new 
substance, hopealite, offers complete protection. 
It turns the carbon monoxid into carbon dioxid. 
Hopealite is used also to detect small quantities 
of carbon monoxid in the Holland Tunnel be- 
tween New York and New Jersej'’. While more 
than adequate ventilation is provided for this 
tunnel, through which thousands of automobiles 
- stream hourly, no chances can be taken. Should 
the amount of carbon dioxid for a moment run 
to a dangerous amount, a warning is at once 
given by the chemical. 

The Chemical Warfare Service is also making 
good use of offensive poison knowledge. Being 
experts in this field, its members have been called 
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upon to assist in finding remedies for aU kinds of 
pests. These include such diverse things as mos- 
quitoes, rats, rattlesnakes, prairie dogs, hair- 
seals, fleas, bedbugs, moths, bats, and black- 
birds. Their most notable contributions have 
been in the control of the boll-weevil, the marine 
borer, and barnacles. 

For some time the only poison used success- 
fully against the boll-weevil was calcium arse- 
nate. The Chemical Warfare Service has devel- 
oped two other insecticides which are quite as 
effective as this material and less costly. The 
marine borer does much damage to piling along 
the water-front. Organic compounds of mercury, 
arsenic, and copper have been found effective 
in the case of this pest. Test blocks submerged 
for three years have shown no signs of attack by 
the marine borer. For protection against the 
various forms of marine growth, common on the 
bottoms of ships, the Chemical Warfare Service 
has developed a paint for ship bottoms which 
promises success. It is being tested on several 
ships of the navy. 

All ships entering the United States must be 
fumigated for the purpose of killing rats and 
fleas, which might bring in dangerous diseases. 
For this purpose the deadly gas, hydrocyanic 
acid, has been used. But many human beings 
have been killed by this fumigant, and it has 
now been replaced by tear-gas (cyanogen chlo- 
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rid) mixed "with liydroeyanic acid. Long before 
the mixture becomes dangerous to bumans they 
are ■warned by the effect of the tear-gas on the 
eyes. 

Such, in brief, is the ■w’ork of the Chemical 
Warfare Service in the United States, and there 
is much the same story connected "with the cor- 
responding units in other countries. They are 
paying peacetime dividends. 

Clothes from the Chemists’ Test-Tubes 

The earliest clothes -worn by man -were direct 
products of the hunt. He ■was clothed in the skin 
of ■whatever kind of animal happened across his 
path — ■when he ■was able to kill it. Later i. e be- 
gan to use the hair and v/ool of animals to make 
his clothing. This ■was a great improvement. 
The use of plant products, such as cotton and 
flax, came as a comparatively recent develop- 
ment. No'w comes the chemical age. Our next 
clothes ■wiU come out of the laboratory. Only in 
the last century have our cotton products ex- 
ceeded those of wool in quantity. Now we find 
artificial silk climbing up the scale. Already it 
has passed natural silk, and the list now stands : 
cotton, wool, artificial silk, and silk. This shows 
which way the ■wind blows. In the end it seems 
reasonable to suppose that all the cotton itself 
■will be made into artificial silk, because of its 
greater beauty. 
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On the other hand, since it requires the best 
kind of cotton to make lacquers, it may be that 
this "will raise the price of the cotton to a level 
such that the artificial silk industry ■will have to 
look else'where for its cellulose. Perhaps it may 
find it in pulp-'wood, but here it will have to 
compete with the news-print industry. In the 
end the competition for the natural cellulose 
molecule may make it economically feasible to 
build up this molecule sjmthetieally, provided 
some one can find a way of doing it. It would 
seem that nature could do this much more 
cheaply than we can, however, and that we are 
more likely to find the solution in other ways. 
Perhaps we might develop a hardy cotton plant 
which can be gro^vn farther north. Or perhaps 
we might find a hardy substitute plant. Already 
a weed which is found in G'uiana, and which 
produces a cotton substitute, has been cultivated 
in England. This is but the beginning of a long 
series of plant experiments which may com- 
pletely revolutionize the clothing industry. 

I Then, too, the chemist may soon be expected 
' to gain sufficient courage to launch out in search 
of entirely new clothing products. Up to the 
present he has confined himself to making sub- 
stitutes. He has made artificial silk, he has made 
artificial leather, and so on. There is no reason 
why new plants or new products should be imi- 
tations of anything. It is possible ‘that ne'W 
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plants, -witlL fibers suitable for wbolly new kinds 
of cloth, might be found. It is equally likely that 
the chemist might produce a wholly new material 
unlike anything that we have ever seen before, 
with entirely new and desirable properties. 

In the manufacture of dyes we first began by 
an attempt to imitate Nature. Then we were able 
completely to outdo her. In the same way in the 
manufacture of cloth, leather, and so on, now 
that we have shown we can imitate Nature, let 
us see if we cannot go far beyond the natural 
products which we have found it convenient to 
use in the making of clothing. This we are al- 
most certain to be able to do. "We are already 
entering this new era, and we may confidently 
look forward to many developments in the next 
few years. Having reached both the animal and 
plant stage, and having seen the latter begin to 
wane, we may now look forward to seeing our 
clothes come out of the chemist’s test-tube. 

Beefsteaks from the Air 

“If it had not been for the invention — and a 
great invention it was — of the production of 
synthetic fertilizers,” to quote Sir AKred Mond, 
“I do not hesitate to say that the world to-day 
would be suffering from a famine, the population 
of the world would have declined, and any 
future increases of population would have be- 
come praeticallv impossible.” There, in brief, 
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you have a statement of the importance of the 
synthetic fertilizer industry which the chemist 
has created. Let us see how he has gone about it. 

For the promotion of plant growth it is abso- 
lutely essential that there be nitrogen in the soil. 
This goes to form the nitrates used by the plant. 
The plants which are eaten by animals provide, 
for them, the nitrate which they require. When 
either the plant or animal dies, the proteins 
which have been formed through these nitrates 
decompose and, in part, form ammonia. Through 
the action of bacterial and of chemical elements, 
which are present in the soil, this ammonia is 
again reduced to soluble salts, which are again 
taken up by the plants ; or it may be reduced to 
nitrogen, which escapes into the air directly. 
Some nitrogen will occasionally return directly 
to the soil through the action of a lightning 
storm. It is this factor in an electric storm which 
makes it of so much more value to the plant 
than merely watering with the garden hose. 
This process by which the nitrogen circulates 
from one form to another is known as the nitro- 
gen cycle. 

It would appear that this circulation would 
give us nothing to worry about. The nitrogen 
circulates from the soil to plant or animal and 
back to the soil again, or from the soil to the 
air and back again. This would be all right if 
there were no leaks in the cycle. But such leaks 
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exist. Great quantities of useful nitrates are 
sometimes Tvashed out of tlie soil. Sometimes they 
are deposited in great nitrate beds, as in Chile. 
But this is not always the case. They are more 
often washed out to sea, where they cannot be 
recovered. Another leak in the cycle is evidenced 
by the great guano beds, which have, however, 
now been used as a soiurce of fertilizer." At the 
present moment our great cities, which send 
their garbage out to sea, represent another seri- 
ous leak in the nitrogen cycle. True, some of 
this is returned to the soil in the form of fish- 
fertilizer, but not enough to balance the loss. 

Confronted with this situation it has become 
necessary for man to tap the air itself as a source 
of cheap nitrates. The process is known as nitro- 
gen fixation. The first method by which this was 
carried out was the so-eaBed eiectric-arc process. 
This was the method of fixation most closely re- 
sembling that of nature — ^fixation by passing air 
through a powerful electric arc. Such a process 
is economical only where power is very cheap. 
The first plant of this kind was erected at Ni- 
agara in 1902. Even here it proved too costly, 
and the plant was closed in 1904. At the present 
time but two plants, both in Sweden, use tbis 
process. 

If we can produce ammonia we shall have no 
worry about reducing this to fertilizer. Thus all 
fixation methods concern themselves with the 
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manufacture ''f ammonia. Now, ammonia ' is a 
chemical substance consisting of three parts 
hydrogen and one part nitrogen. Thus if we can 
catch three molecules of hydrogen and combine 
them with one of nitrogen our problem is solved. 
Processes of fixation, then, are methods of first 
getting the gases and then combining them. 

Hydrogen can he obtained by passing an elec- 
tric. current through water. This breaks the 
water up into hydrogen and oxygen. Nitrogen 
can be obtained by liquefying air and allowing 
the nitrogen to boil off. The nitrogen vaporizes 
at a lower temperature than does the oxygen. 
Both in the production of the hydrogen and in 
that of the nitrogen we have oxygen left. This 
by-product may be used in oxyacetylene weld- 
ing and for various other purposes. These meth- 
ods are, on the whole, expensive and in general 
are not used unless a ready market exists for 
the by-product. 

Another method of obtaining hydrogen is by 
passing steam over white-hot fuel-beds. The oxy- 
gen is burned out, leaving a mixture of gases 
which contain about fifty per cent, hydrogen. 
Tar is precipitated out of this mixture elec- 
trically, and the gases are frozen out. This pro- 
vides many by-products. The needed nitrogen is 
then produced by burning some of the hydrogen 
already obtained in air. The oxygen is thus con- 
sumed and nitrogen remains. Now the problem 
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is to combine the nitrogen and liydrogen into 
ammonia. 

Up to this point the materials wbicb are to 
form tbe ammonia have been pretty rougbly 
bandied. They may have been subjected to a 
temperature of 300 degrees below zero Fahren- 
heit, they may have been passed through arcs 
of 50,000 volts. Now we take the right propor- 
tions of hydrogen and nitrogen and subject them 
to presnres of 15,000 pounds per square inch, 
and at the same time we raise the temperature 
to 1000 degrees and pass them over a catalyst. 
The catalyst is another chemical which is merely 
an agent to promote the reaction. It is not itself 
consumed in the process. It might be called a 
chemical slave-driver. 

This treatment results in the formation of 
some ammonia. This is drawn off and the gas 
circulated over the catalyst again. The process 
goes on continuously, more gas being occasion- 
ally introduced. In this way our fertilizer is pro- 
duced; it feeds our plants, upon these cattle 
feed, and so in effect we bring to our tables beef- 
steaks from the air. 

How long can this go on without influencing 
the supply of air above us? One manufacturer 
says: “The plant operating at its present capac- 
ity of twenty-five tons a day could be supplied 
with its nitrogen from air over the plant site 
only for a period of approximately seventy-five 
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years before it would be necessary to call upon 
tia <iir over neighboring property. ’ ' It should be 
■eoaiembered that this time will be greatly length- 
ened by the return of much of the nitrogen, put 
into the soil, back to the air again. Also many 
of the nitrogen leaks are being gradually stopped 
up. The scientific treatment of garbage is gradu- 
ally being developed to a point where it may biv 
expected shortly to restore much of its nitrogen 
to the soil for use. We may be sure that the 
time will never come when the fertility of the 
soil cannot be restored because of a lack of nitro- 
gen. None of it leaves the earth, and so long as 
this is so it can be recovered. Chemists are con 
stantly making it easier for us to recover it. So 
much is this the case that the syntheticaUy- 
produeed nitrogen now controls the price as 
against the cost of marketing nitrates from the 
natural nitrate beds of Chile, which for so many 
years held a monopoly. 

This marks a great conquest for the indus- 
trial research chemist. He refuses to be defeated 
by even such a formidable thing as a monopoly 
of materials. In such a fashion does he defeat 
even those limitations set by Nature on the 
saturation-population of this earth of ours. 
Future historians must look back upon this de- 
velopment as one of the most important of all 
times. Food is man’s prime necessity. 
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THE CELLULOSE AGE 
Clothes Made of Sunlight 

What nest is to be our great industrial move ? 
We can unquestionably refer to tbe age just 
past as the steel age. To-day we can point out 
among our citizens the giants of the steel indus- 
try, the men who have made steel the important 
industrial commodity that it is. They stiU. walk 
among us. When these men are gone there will 
be no more towering figures in steel. There will 
be none to replace them as pioneers in this field. 
Those to follow will be but tiUers in a field al- 
ready broken. 

But we are not a people given to ancestor- 
worship. There is still much to be done, if not in 
steel. We are now entering the age of cellulose. 
Here we may expect to find a new race of giants. 
The cellulose molecule is the structural basis of 
the plant kingdom. We know very little about 
this important molecule. As yet no chemist can 
give you its structural formula. Cellulose can- 
not as yet be built up synthetically. It can be 
made only in the industrial laboratory that is 
locked up in the tiny cells of plants. It is the 
product of sunshine. Without sunshine the plant 
can no more make cellulose than can we. The 
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more we utilize this mysterious material, cellu- 
lose, the more we are using this free sunshine 
which comes to us every day. In that respect we 
might say that we are entering the sun age. 

In the past there have been three major indus- 
tries dependent upon the cellulose molecule. 
These have been the lumber industry, the paper 
industry, and the cotton industry. Up untU re- 
cently we knew of no other way to use the cel- 
lulose molecule on a large scale than through 
these industries or others which hinged directly 
upon them. Now we are constantly finding on 
the market new products which we recognize at 
once as coming from this source. 

Let us consider for a moment some of the 
more outstanding of these. Artificial silk is a 
cellulose product. The artificial silk industry is 
but eight years old in America, and yet the pro- 
duction for 1929 has been estimated as 140,- 
000,000 pounds for this country alone. Our shops 
are filled with beautiful, and yet inexpensive, 
clothes made of this material. The shop-girl of 
to-day can dress in a fashion that would have 
been the envy of queens had she appeared so 
arrayed a century ago. And yet this material is 
made from the same base as is cotton. It is cotton 
with the drabness removed. Or it may be made 
from trees. In this ease it has the same origin as 
paper. Our girls may be said to be dressed in a 
material not far removed from paper. And yet 
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it is very different from any otter wood product. 

If we were to follow this beautifully-dressed 
girl about we should find ber enjoying many 
other cellulose products. Perhaps the artificial 
ivory handle of her hair-brush, perhaps the little 
boxes on her dressing-table, are also made from 
cellulose. If we enquire too closely into the ap- 
parently beautiful leather seat on her sport road- 
ster we are almost certain to find that this too 
is made from cellulose. The lacquer on her ear, 
perhaps in the several shades which make her 
roadster the envy of all her friends, is also a 
cellulose product. And as she takes some colored 
motion-pictures of her favorite football or polo 
hero the images are recording on a film which 
has cellulose as its base. The thin transparent 
paper, cellophane, which wraps the gift-box of 
candy, glasslike in its transparency, is also the 
gift of the sun through the cellulose molecule. 

"We have not come to the end of new cellulose 
products. Here we have mentioned some of them. 
There are many more. And there are still more 
to come, of which as yet we have not even 
dreamed. Dr. Charles Holmes Herty, past presi- 
dent of the American Chemical Society, has 
said: 

What may we not expect in the utilization of 
cellulose once we get a clear, accurate picture of 
just how that molecule is made up? I do not 
hesitate to say that we have a right to expe'**'- 
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an indefinite number of new industries that no 
chemist dreams of to-day. We are earnestly 
looking all the time for means of increasing our 
national wealth. To-day the greatest freely-given 
wealth is sunlight, the energy of the sun. The 
question that all rational people are asking 
themselves is: are we making the wisest use of 
that great daily source of new riches, which costs 
us nothing to obtain? 

Farming Chemicals 

As has already been said, ceUnlose forms the 
structural basis of aU plant life. It is formed by 
the synthesis of carbon dioxid, breathed in by 
the plant, through the action of sunlight. It is 
present in aU plant life, and it should therefore 
be possible, theoretically, to obtain cellulose 
from any plant. Any roadside weed might be 
expected to yield artificial silk. The material thus 
appears to be very easy to get. But this is a false 
impression. While it is present in aU plant life, 
it is frequently so bound up with other carbo- 
hydrates that the process of separation is either 
as yet unknown or perhaps so expensive that it 
is not commercially feasible. 

In the past the major source of the cellulose, 
used in the artificial silk industry, alpha cellu- 
lose, was cotton. More recently wood pulp has 
grown in favor, so that now we find much artifi- 
cial silk on the market derived from this source. 
In the meantime the chemists are examining 
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every possible source for cheap cellulose. The 
competition is extremely keen, and developments 
are so rapid that any manufacturer unwilling to 
carry on research will soon find himself far be- 
hind in the race. Among the many materials 
which have been investigated and found promis- 
ing are flax, jute, china grass, hemp, sea grasses, 
coconut fiber, hop, broom, willow, banana, rice 
hulls, peanut shells, and even tobacco stems. 
Some day, therefore, one may puff on a cigaret 
while clothed in tohacco stems. 

Perhaps of all the sources that have been in- 
vestigated none is more important than the corn- 
stalk. This is not because it promises to outstrip 
or replace all or any of the sources that have 
already been established, but rather because it 
offers the hope of increasing the farmer’s in- 
come without the addition of new machinery or 
farm labor. It also may be said for the first 
time to bring the farmer into the chemical 
industry as a producer of raw materials. Ee- 
gardless of how many slogans may be invented 
for the purpose of urging us to eat more beef, 
or to eat an apple a day, we can eat only so 
much. The farmer cannot, by this method, in- 
crease the demand for his products beyond our 
actual needs. He can only make us more dis- 
criminating. On the other hand, we seem to be 
far from the saturation point for new Inxuries 
which the farm might produce in the form of 
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raw cliemieal materials. Thus the introduction 
of the farmer into the field of artificial silk, 
through the medium of cornstalks, may result 
in an entirely new outlook on his part. We may 
yet have a purely chemical farm. 

Already there is operating in America a large 
corporation formed for the purpose of maldng 
artificial silk from cornstalks. This concern has 
studied methods of harvesting the stalks and of 
bringing them to the factory by means which 
are sufficiently economical to permit them to 
compete with manufacturers using other sources 
of raw material. While no definite reports are 
at hand, it appears that the venture is a success. 

By-products of the Farm 

Many things besides artificial silk can be made 
from cornstalks. The cellulose obtained might be 
put to many other uses such as have already 
been mentioned — ^making lacquer, leather, ■ etc. 
Also we can obtain from the cornstalks certain 
sugars by treating them chemically. Dry distil- 
lation will produce certain gases, acids, tar, and 
charcoal. The stalks may be fermented to pro- 
duce alcohol, acetone, and so on. There is an al- 
most unlimited number of things which can be 
made from this waste material. The only ques- 
tion is whether or not it can be done on a basis 
to compete with other methods of making the 
same articles. 
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The answer to this is perhaps that it can be 
done where much of the material is available in- 
side a reasonable area. In the eastern part of 
the United States cornstalks are used for animal 
food and are therefore valuable. In the West 
there is grown far more corn than can be used 
for this purpose. It is grown primarily for the 
grain. The useful part of the corn plant in these 
areas constitutes less than half the weight of the 
plant. The remainder has some value as fer- 
tilizer, when plowed under, but it is generally 
agreed among farm experts that this value is 
very small. If industry can use the stalks, there- 
fore, it may have them for little more than the 
cost of harvesting. A price of five dollars an acre 
for them, as they stand in the field, however, is 
so much more yield to the farmer than he would 
normally get, and in addition the clearing away 
of the stalks means less risk the next year from 
the corn-borer. 

Study of the problem by farm and chemical 
experts of the United States Bureau of Stand- 
ards has led to the conclusion that the most 
promising use of these stalks at present is in the 
manufacture of wall-board. The stalks are 
shredded, treated chemically, and finally pressed 
out into boards. For the purpose of making a 
complete survey of the feasibility of establish- 
ing such an industry the Bureau, in cooperation 
with the Iowa State College, has established a 
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model factory for making wad-board. It appears 
at present that this can be manufactured in com- 
petition with other waU-boards now on the 
market. The project is being encouraged for the 
purpose of farm relief. 

It is interesting to note that such a project 
may contribute to farm relief in another direc- 
tion. The insulating Talue of straw against heat- 
transfer has long been known. Primitive houses 
and barns were long ago built with loose corn- 
stalks or other similar material piled upon the 
roof. The board made from cornstalks has also a 
high insulation value for heat. Because of this, 
barns and poiiltry houses lined with such ma- 
terial have greater warmth than unlined budd- 
ings, with the result that the animals thrive and 
yield an increased product. It has been found 
that the egg production of hens is greatly in- 
creased in this way, as is also the production of 
milk from cows which are warmly housed. The 
farmer benefits in more than one direction. 

The experiments by the Bureau of Standards 
and Iowa State College have also included the 
manufacture of paper from cornstalks. The suc- 
cess in this line has been sufScient to induce 
some men to go into the business, and cornstalk 
paper is available in the market. Dr. Henry G. 
Knight, of the Department of Agriculture, has 
said; 
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Comstalk-paper pulp is being produced, and 
during tbe last year at least one book and edi- 
tions of several newspapers and at least two 
farm papers were printed on paper containing 
a high percentage of cornstalk pulp. Experi- 
ments carried on in the Bureau of Chemistry 
and Soils and also by Dr. Sweeney at the Iowa 
State College, Ames, Iowa, have shown conclu- 
sively that cornstalk pulp makes satisfactory 
wall-paper. 

Straw, in much the same way as cornstalk, is 
becoming a commercial product. Prom this, also, 
commercial wall-board has been made success- 
fully. Much of what has already been written 
concerning the increasing importance of the 
cornstalk applies directly to straw as well. 

Thus we see that chemistry is creating an 
entirely new era for the farmer, to which he is 
going to be required to adjust himself. Already 
the introduction of new and improved machin- 
ery has made a mechanical engineer of him. 
Now he must become a chemist as well. With the 
introduction of powered farm implements the 
farmer has gradually found himself in the posi- 
tion of a manufacturer. He was forced to adopt 
production methods to hold his place in the race. 
Now he finds himself going through much the 
same stage that the manufacturer found himself 
in a quarter of a century ago. He finds that he 
has been throwing valuable products out the 
back door. In the field of manufacture more than 
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one m illionaire has been made by the discovery 
of a way to utilize an apparently useless, or 
perhaps even decidedly undesirable, by-product. 
The same may be true in farming in the next 
decade. 

During this period of adjustment to new con- 
ditions, the farmer as we know him, may com- 
pletely disappear. The utilization of the by- 
products of industry has bad much to do with 
the disappearance of the small manufacturer. 
With the small amount of by-product material 
which he possessed, it was not economical to 
utilize it. The large manufacturer, besides other 
economies, had this additional source of profit. 

At the same time the farmer- may be greatly 
benefited by this new industry, whose factories 
will need his labor. Dependent as it wiU be upon 
plant crops, it may be expected that initially, 
at least, the work will be somewhat seasonal, 
the season following naturally the time of har- 
vesting the crops. Thus the farmer may find a 
ready market for his time in off-periods. The 
factories must of necessity be in the midst of a 
farm section, so that it will not be necessary 
for the farmer to migrate to a city to get work 
in them; a procedure which would in general 
be quite impossible for him, since there are al- 
ways farm animals which require some care. 

Kecently the profitable occupation of such off- 
season time has entered more and more into the 
n723 



THE CELLULOSE AGE 

farm problem. Not many years ago tbe farmer’s 
slack period could be used for bringing in tbe 
■winter’s supply of fuel from bis ■woodlands. 
He is finding it necessary now to buy bis fuel. 
Thus be no longer finds this or similar employ- 
ment on bis O'wn land to pay bim during tbe 
■winter months. At tbe same time purchasing 
such materials demands that amount of addi- 
tional income, which be does not find coming in. 
Any project, then, which offers emplo3Tnent 
for this unused time ■will be of great benefit to 
tbe farmer. Tbe manufacture of products, for 
which be himself supplies tbe raw material, 
seems to offer an ideal solution to tbe problem. 

Chemistry and Cotton 

There is no more interesting story of tbe con- 
quests of chemistry in tbe field of agriculture 
than that which has so often been told recently 
concerning chemistry and the cotton industry. 
While this story has been often repeated, it is 
nevertheless always new. It is gaining in length 
each time it is repeated, and not, as in the 
case of gossip, because each teller draws a bit 
upon his imagination, but because each time 
there are new facts to tell. The story, of recent 
years, has gro-wn like a snowball. It is difficult, 
now, to imagine that it had such a small begin- 
ning. It seems that it must always have been at 
least of moderate size. 
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If Tve go back to early bistory "we find tbat 
people were using cotton for the making of cloth- 
ing. The records are fonnd among varions races. 
But, until recently, no one began to roU the 
snowball. No one introduced the magic forces 
of chemistry into this industry. To the Chinese 
must go the credit for first using any part of 
the cotton other than that useful in making 
cloth. Early in the seventh century it appears 
that they were using the oil of the cotton seed 
for purposes of illumination and were feeding 
the remainder of the seed to the eattle. It was 
fully a century later that this part of the plant 
gained any commercial significance outside of 
China. Well into the first quarter of the nine- 
teenth century the cotton seeds were regarded, 
in America, as a nuisance. They were left out- 
side the cotton mOls to rot or were dumped into 
neighboring streams. This practise was so prev- 
alent that it became a sanitary nuisance, and it 
was necessary in many places to pass laws re- 
garding the disposal of these seeds. It was un- 
lawful to retain any seeds that were not being 
kept for planting. Those not so needed were 
burned by the hundreds of tons. 

In the meantime the people were not unmind- 
ful of the possible value of the oil in these seeds, 
and societies for the purpose of encouraging 
agriculture or invention offered prises for 
methods of extracting the oil. In spite of this 
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encouragement the oil was not extracted and the 
prizes were unclaimed. 

Eventually, however, a small amount of oil 
was pressed out by rather crude methods and 
used for illumination. Someone discovered that 
this oil was edible, and then trouble began. Un- 
scrupulous dealers began to use it as an adulter- 
ant for olive oil. Others put some of it in lard 
that was intended for use in the colder climates. 
On the whole the oil was not a desirable new- 
comer; neither did it produce for the cotton 
growers any increase in income that was at aU 
noticeable. 

It remained for the chemist to enter this field 
before any real headway was made. The first of 
these chemists was John Mercer. His name is weU 
remembered because it is still associated with his 
invention, a method of making mercerized cot- 
ton. While it did not offer any new uses for 
cotton, it did make the material more attractive 
to the eye and perhaps increased its sales some- 
what. The chief contribution in so far as the 
industry was concerned, was perhaps to turn 
the attention of chemists to this new field. Since 
that time the development has gone forward 
with an ever-increasing speed. 

The first contribution to the art of separating 
the oil from the seed was the invention of a 
machine which separated the meat from the hull. 
This resulted in a great increase in the oil ob- 
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tained, for that which was previously forced into 
and absorbed by the hull, was now saved. The 
resulting seed-cake, made by compressing the 
seeds from which the oil and hulls had been re- 
moved, was likewise more valuable than before; 
it was relieved from the extra bulk of the hulls. 
Because of the high nitrogen content, these cakes 
began to find a use as fertilizer, and because 
they were now freed from the shreds of the 
huU and possessed a high protein content, they 
also became popular as a concentrated cattle- 
food. 

But the process of separation of seed from hull 
carried large quantities of seed along with the 
hulls. The fragments of seed became entangled 
with the remaining cotton shreds which were not 
removed in the initial ginning process. It be- 
came, therefore, economical to remove these by 
what might be referred to as a second ginning 
process in what was called a linters machine, 
these residual short shreds being called “lin- 
ters.” This produced a new product which, 
while not greatly sought by the open market, 
nevertheless found a place in the making of bat- 
tings, mattress fillers, and so on. 

Cotton Billiard Balls 

It was these four natural products, oil, meats, 
linters, and hulls, with which the chemist began 
to work. The cottonseed meal still finds its main 
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use as fertilizer or as animal food, altho it has 
been found that it can be made sufficiently at- 
tractive- for human consumption. The oil, how- 
ever, has had wonders performed on it. Through 
the use of nickel, to promote the action, it can 
be treated with hydrogen in such a way as to 
produce a solid material resembling lard, which 
has now become so widely used as almost to 
result in the displacement of lard in modern 
cooking. Many of our salad and cooking oils 
come also from this source. 

The chemistry of Enters is also the chemistry 
of cellulose, which has already been discussed. 
Here the changes have been even more magical 
than in the ease of the oil. Some of the products 
of Enters, as given by Mr. C. S. Meloy, of the 
United States Department of Agriculture, are 
high explosives, surgical dressings, new skin, 
artificial leather, sausage casings, roofings and 
floor coverings, wearing apparel, lacquers, var- 
lushes, photographic films, toilet articles, and 
bEliard balls. Our ancestors would have been 
astonished at the thought of making bEliard 
baUs from cotton. 

Now the chemist is attacking the huEs. As yet 
his answer as to what to do with these is not 
complete, but he has already made many sug- 
gestions. The hulls contain such materials as 
furfural, acetic acid, alcohol, tar, and other 
hydro-carbons, as well as potassium and com- 
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pounds of carbon and sodium. These can now aU 
be obtained from the huUs, but the methods of 
recovery are not yet economical. This improve- 
ment in methods we can be reasonably sure the 
chemist will make eventually. 

To what extent does this help the cotton- 
grower ? Mr. Meloy answers : ‘ ‘ The increased use 
of cotton goods, resulting from enhanced at- 
tractiveness and durability due to mercerization, 
is problematical, but the diverting of 6,305,775 
tons of cottonseed in 1927 from the refuse pile 
into channels of consumption produced approxi- 
mately §250,000,000 of value that would never 
have existed but for the intercession of chemical 
research. It is estimated that possibly two-thirds 
of this created value reverts to the cotton-grower 
and thus becomes an offset to the increased cost 
of production that has occurred during the 
period in which cottonseed became valuable.” 



V 

OUR MECHANICAL WONDERLAND 

Light Waves — the Foundation of Modern 
Industry 

In discussing mechanical accomplishments of 
man the first thing which naturally comes to 
one’s mind is the remarkable developments 
which have come through our modern methods 
of quantity production. One thinks of the Ford 
car and the dollar watch as the outstanding ex- 
amples of what can be done by these methods. 
Few persons have any real idea of what it is 
that has made these things possible. The answer 
is, increased accuracy of measurement. "Without 
this our present manufacturing methods would 
be impossible. 

Our first measuring instruments were simple 
wooden scales. These were eventually replaced 
by steel scales, which were considered a great 
advance. Later came the so-called vernier and 
micrometer measuring devices. These were capa- 
ble of measurements to a thousandth of an inch, 
and a good guess could be made to a ten-thou. 
sandth. Such refined measurements were con- 
sidered as unnecessary except for very special 
jobs, and had anyone suggested their use to 
speed up production he would have been con- 
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sidered crazy. To measure to such accuracy 
would have been expected to slow up produc- 
tion. Yet this is not the case. 

Production in quantity requires that all simi- 
lar parts of like machines should he inter- 
changeable. A number of similar cars can be 
completely dissembled, their parts mixed up, and 
an equal number of similar ears reassembled 
from the pile. In the same way if a part of my 
typewriter breaks it is possible to obtain a new 
part and know that it will fit. I do not have to 
take the machine to the manufaeturer and have 
him make a part specially to fit this particular 
machine. In the old days every machine was a 
different unit. No parts of two machines were 
interchangeable. 

Now, in order that certain parts of two cars 
may be completely interchangeable it is often 
necessary that they be exactly of the same size 
to a ten-thousandth of an inch. It is obvious, 
then, that the machines which made these parts 
must be exact to an even closer limit. These 
machines must likewise be made by other ma- 
chines, and so on. We are therefore driven back 
to the point where the micrometer devices, al- 
ready referred to, are not good enough. In the 
end we are driven to making our measurements 
in terms of light waves. These enable us to meas- 
ure to as small a unit as a five-millionth of an 
inch. 
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Liglit'-wave measurements can be made witb 
an instrument known as an interferometer, 
wMcb functions through its ability to bring to- 
gether two rays of light in such a manner as 
to produce darkness. Through the use of this 
instrument hardened steel gage blocks are pol- 
ished off to a similar degree of accuracy. These 
come in sets, the largest being made up of 
eighty blocks of different sizes. Such a set will 
enable one to make 300,000 separate measure- 
ments. These blocks are as carefully guarded 
as jewels. If one should happen to fall even a 
few inches, it could no longer be relied upon 
until it had been checked against some of its 
fellows. So earefuUy are they kept that ■'•he 
average machinist would not see one of them in 
a lifetime; he would be provided with sub- 
standards made from the originals. It is upon 
such gages and such accuracy that our modern 
production methods depend. 

Suppose that we are to make a particular part 
for a machine two inches long, and that the 
tolerance is a ten-thousandth of an inch. No part 
could be produced, regularly, exactly two inches 
in length. If it could, that would mean that it 
was correct to a millionth or a billionth of an 
inch, or as high as you wish to mention. It 
would be perfect. This we cannot do in prac- 
tise. Some allowable limit must be set. If this is 
a ten-thousandth, then the part must be between 
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2.0001 inclies and 1.9999 inches in length. We 
wonld set onr machine to manufacture within 
these limits, and we would cheek the product 
with what might be called a “go — no go” gage. 
One part of it would have an opening 2.0001 
inches in length. If the part fitted into this it 
wonld be short enough. Another opening would 
be 1.9999 iuehes in length. If it fitted into this 
it would he too short. Thus it must enter the 
long opening but not the short in order to pass 
inspection. A great variety of gages, usually, 
made especially for each job, serve to control 
the product. 

Another great factor in production manufac- 
ture is the use of so-called jigs. Suppose three 
holes are to be bored in a piece of metal in a 
certain geometrical relation to each other. No 
two men will bore these in exactly the same posi- 
tions. Even an individual will not be able to 
space these off twice in exactly the same way. 
But suppose he is given a piece of metal which 
he can clamp to the piece he intends to bore, and 
which has holes in it spaced as he wants to bore 
them. Then it is impossible for him to use his 
drill in any but the right place. He, or anyone 
else, will make parts which are interchangeable. 
In the same way if a single machine is supplied 
him with three drills held rigidly at the proper 
distances, and all made to work at once, he is 
again prevented from boring in any but the 
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correct way. Sucli gang drills frequently have 
large numbers of individual drills and will bore 
a large plate at one time. Large stamping ma- 
chines are also used to stamp out parts, all of 
which are alike within close and predetermined 
limits. 

Such, then, is the basis of our modern manu- 
facture. It is a matter almost entirely of our 
ability to make accurate measurements. Without 
this ability our modern civilization would be 
quite different from what it now is. There would 
be no traffic problem, for example; few of us 
could afford automobiles. A Ford would cost 
more than a RoUs-Royce now does. 

The Steel Chef’s Joh 

We have already discussed the numerous 
things that the chemist can do with steel to 
make it harder and more brittle, or to make it 
tougher and more ductile, or to give it any one 
of a number of properties or combinations of 
properties. But when the chemist has finished 
his job and has turned over an ingot of iron to 
us there is still a great deal to do to it before 
it is ready for use. It must be rolled out, drawn 
out, or in some manner shaped for the par- 
ticTilar job for which it was intended. This 
mechanical process is just as important as the 
chemical one, for the ultimate strength is greatly 
influenced by it. 
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Perhaps in the manufacture of structural steel 
no greater care is taken anywhere than in the 
manufacture of steel cables for suspension 
bridges. In one large miU no less than four per 
cent, of the employees are highly paid specialists 
who do nothing hut test the material. In such 
a plant the original steel ingots are made up 
of high-grade scrap-iron mixed with pig-iron. 
The iron is carefully selected to avoid possible 
contamination with other metals, then is melted 
in forty-ton lots and poured out to form thirty 
ingots. As these ingots are later needed they are 
heated up over a period of ten hours. They 
could be heated much more quicldy, but this 
process affects the ultimate strength of the cable 
which is to be made. The time has been carefully 
determined from long experience. When hot, the 
ingots are rolled out into strips four inches 
square. Fourteen per cent, of the top and two 
per cent, of the bottom end are cut off and 
scrapped, as being of inferior material. The 
remaining portions are then rolled out into bars 
two inches square, and the outside laj’^er of these 
is cut off to get do^vn to better metal. The bars 
are then stored until needed, those from each 
ingot being segregated. The steel from a single 
ingot is marked and kept track of through the 
whole process, so that in the event that any part 
of it shows inferiority, all the parts made from 
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tlie ingot can at once be found and examined or 
scrapped. 

In the next process these bars are again slowly 
heated and rolled ont into rods. These are tested 
for size and strength. A long heat treatment 
follows, after which the material goes through a 
bath of fine carbonaceous matter and from there 
directly into a lead bath. Pickling in a bath of 
fine hydrochloric acid follows this and quickly 
shows up any surface defects which would other- 
wise go undetected. The bars are then rinsed 
to remove most of the acid and run through lime- 
water to neutralize what may remain. A long 
heating process removes any hydrogen which 
may have gotten into the metal through the 
pickling process. At this stage the rods are cold- 
drawn into wires, which are then galvanized to 
prevent rust. 

This ends the process except for testing. The 
wire is tested for strength, elasticity, elastic 
limit, bending, thickness of galvanized coating, 
and a dozen other things. They are made up into 
cables and these are again tested. One large 
tensile-strength machine in the United States 
will exert pulls of a million and a half pounds. 
Both ends of every coil of wire that goes into 
such cables are tested separately for a great 
many properties. 

When the cables are shown to meet specifica- 
tions in every way they are ready to go into the 
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itrueture of a suspension bridge, which, after all, 
is nothing but a roadway hung upon wires. Even 
then, in spite of aU the tests, we cannot be sure 
that aU wiU be weU. If the entire process has 
not been carried out with the greatest care the 
wires may change their structure and weaken 
after being put into place, and no longer be 
capable of sustaining the loads at which they 
were tested before being used. Only recently it 
was found necessary to stop work on a 1200- 
foot span because it was found that in a half- 
strand of cable 130 out of the 180 wires were 
broken. This occurred before the roadway was 
entirely in place. The wires had been made by a 
process other than the one just described. To rec- 
tify the defect in that cable will, of course, in- 
volve an enormous expense, now that the cables 
have aU been spuu and placed. The job of the 
bridge-chef in the steel kitchen is an important 
one, even tho the chemist may have provided 
him with the raw material. 

Flowing Metals Together 

Our first construction material was wood, and 
methods of handling wood have been handed 
along with those of other materials as they came 
into use. This has been the case with metals. 
Wooden beams had to be bolted together; you 
cannot melt wood and make it flow. Thus, when 
we began to use metal we bolted it too, altho 
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it can be melted and made to flow together into a 
single strong piece of metal. The result has been 
that only recently has suitable welding appa- 
ratus been devised to allow us to use metals as 
metals and not as wood. Now welding appears 
to be coming into its own. 

Welding has many obvious advantages. It 
forms a more rigid whole than is usually ob- 
tained by bolting, as the structure is a unit and 
not a number of pieces held together by angle- 
irons at the joints. The material is not weak- 
ened by bolt-holes, nor is careful alinement of 
parts, to bring bolt-holes together, necessary. 
Welding also has the advantage of quietness. 
The noisy riveting hammer has no place in weld- 
ing. Also — and this is of great importance — ^in 
welded buildings and bridges it has been found 
that a saving of about forty per cent, in material 
can be effected. The saving is due partly to the 
increased strength — as the result of elimination 
of rivet-holes — and partly to the elimination of 
gusset-plates. 

Welding has gained a far greater headway in 
manufacture than in building construction. Not 
more than one per cent, of dynamo and motor 
eases are east now, whereas a few years ago they 
were all cast. They are now fabricated from 
standard steel parts. The same is becoming true 
in motor-car manufacture. In one low-priced car 
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tearing down our buildings almost before they 
are completed. It is a surprize to a visitor in 
America to see perfectly good buildings, capable 
of years of service, being dismantled. He is like- 
wise surprized at times to see some of our auto- 
mobiles that are being sent to tbe junk-beap. 
This appears to be a form of American extrava- 
gance. As a matter of fact, it is probably one of 
tbe greatest, if not tbe greatest, factor in our 
prosperity. Suppose we were to find in a store- 
house a ear wbicb cost two-tbousand dollars ten 
years ago. Suppose that every part of it was as 
good as when it was placed there, and that it bad 
never been used. How much would you give for 
it? Certainly not much. By improved methods 
of manufacture a tbousand-doUar car to-day is 
as good as that old one in so far as tbe work- 
manship is concerned. But your ear to-day will 
be lacquered and not painted. Tbe finish will be 
much more enduring. It will have chromium 
plating instead of nickel. It will have four-wheel 
brakes, tbe engine will be more powerful, it will 
be built of better steel, the tires will last three 
times as long, and so on. You could not give the 
old ear away. Our idea of what a car should look 
like also has changed. The old car would be un- 
economical to run. 

In the meantime the factory equipment, too, 
has changed. A manufacturer who tried to make 
the modern car with tbe old equipment would 
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find himself paying more to make the car than he 
eonld sell it for. 

Let us consider another type of obsolescence. 
Let us assume that a machine has been designed 
to turn out a particular product and that the 
machine is perfect. Now let us increase our 
production until we have two, ten, and even- 
tually twenty, of these machines at work. While 
each machine is perfect in itself, it has become, 
nevertheless, obsolete for our purpose. Why ? In 
the first place we are using up too much floor 
space. Floor space varies as the square of the 
dimension, while volume varies as the cube. 
Using larger machines woidd give the same capa- 
city with a reduction in floor space used. With 
floor space goes cost of heat, light, ventilation, 
and so on. In addition a few large machines will 
mean fewer attendants. Thus wages and floor 
space are saved. It has been estimated in one 
case that the replacement of twenty small units 
by four large ones resulted in a saving of four- 
fifths of the floor space. There is also a saving 
in cost of inspection, lubrication, adjustment, 
cleaning, and in power, through the use of 
fewer but larger motors. 

In special cases, where the process requires 
heat, there is also a saving here. The surface 
from which heat can be radiated goes up with 
the square of the dimension, while the volume 
goes up as the cube. Where dust or fumes must 
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be removed there is a saving in the number of 
flues Tvhich must be installed. 

But the big machine may not b.e the same as 
the small one. We may be able to use motor in- 
stead of man power. We may be able to install 
automatic control. We may be able to substitute 
a continuous process for a batch process, and so 
on. All these make for great savings and more 
uniform product. Thus a perfect machine may 
become obsolete because it is too small for the 
output. Too many units are required. 

Again obsolescence may be brought about 
overnight by a new invention, or by a change in 
style. Obsolescence is something which cannot 
be vTitten off at so much per year as in the case 
of the ordinary depreciation. It comes upon us 
more like a fire in most cases. But in the end it 
is the recognition of the existence of obsolescence 
which goes to make a great manufacturing 
nation. 


Mechanical Donheys for Logging 

Logging, like almost every other industry, has 
adopted the methods of large-scale operation. 
One normally thinks of a logging camp as being 
mainly a winter affair dependent upon the snow 
for making the hauling of logs easier. As a 
matter of fact, logging is now an all-year occu- 
pation, and the winter, because of its snow, is the 
least favorable season. All logging is now done 
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by power maebinery. In a strictly modern camp 
one will not see a single horse or mule. It is 
because of this change that the snow now offers 
an obstruction rather than an advantage. 

In modern logging the first necessity is to 
construct a railroad right to the point where 
the logs are to he harvested. This is often a difB- 
cult and expensive thing to do, for the country 
is almost always rough and rocky. It is usually 
necessary to span a few gullies with trestle- 
work. All this takes time and a great deal of 
capital. 

In harvesting a particular region a particu- 
larly taU straight tree is first chosen, which be- 
comes known as the spar-tree. It will be the 
central point of all operations in that region, 
and the railroad will be built up to where it 
stands. This tree is stripped of its branches and 
the whip-like top is blo^vn off with dynamite. It 
is then carefully guyed by steel cables stretching 
in all directions to other trees or stumps. In the 
logging districts on the west coast such a tree 
may be frequently as much as ten feet in diam- 
eter. When thoroughly guyed it has the appear- 
ance of the framework of a great circus tent. 

From this tree cables will be run out to a 
second tree, called a tail-tree. This, depending 
upon the contour of the land, may be 1000 to 
5000 feet from the spar-tree. An overhead cable 
carrying what is known as a bicycle — a pair of 
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wheels which run along it — ^is an important con- 
nection between these two trees. This cable is 
used to draw in the immense logs. A large pair 
of tongs grapple the log, which is raised into the 
air and carried overhead to the spar-tree. As 
such logs gain speed, and go sailing through the 
air, they frequently strike trees as much as a 
foot or more in diameter and knock them down 
by sheer momentum. If the contour of the land 
does not permit the use of a wholly overhead 
system, one end of the log will be raised and the 
other allowed to drag. The deep gullies that are 
cut into the ground by the tree-ends are as- 
tonishing. 

When the logs are coUeeted at the spar-tree 
they are loaded upon railroad trucks, which are 
held together by the logs themselves. The ends 
of the logs rest upon a row of spikes which top 
the truck. This avoids the necessity of bringing 
sawing equipment into the woods to saw them 
aU into equal car-lengths. 

When the logs are taken to the nearest water- 
way they are made up into great rafts held to- 
gether by a crib. Such rafts are often as much as 
a thousand feet long and may extend to as much 
as thirty feet below the surface of the water. 
Often they are towed to a destination a thousand 
miles or more from where the trees grew. 

Thus we See that the donkey driver, with his 
long snake whip, has disappeared from the 
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woods. In his place we have now a skilled engi- 
neer. The blacksmith’s cabin has been replaced 
by the machine shop. These shops are often so 
complete that they do all their own foundry 
work. They cast their own brake-shoes for the 
trains ; their lathes can turn down a locomotive 
wheel. Thus has logging, like everything else, 
given way to large-scale operation by power 
machinery. You are as likely to see a horse- 
drawn vehicle in a logging camp as to see one 
used in an automobile factory to transport parts 
from one department to another. The mechanical 
engineer has invaded the woods. 

Save We Become Tunnel-Minded? 

In spite of the fact that the world has become 
air-minded of late, there are apparently a num- 
ber of individuals who have become quite the 
reverse, tunnel-minded. They are digging deeper 
and deeper into the earth and building longer 
and longer tunnels. One of the most interesting 
of these is the Holland Tunnel, which connects 
New York and New Jersey. This is of particular 
interest because it is the first great vehicular 
tunnel. The entire problem was greatly com- 
plicated by the necessity of providing certain 
protection against poisonous exhaust gases from 
the motors of the cars passing through. The 
principal contribution to tunnel-building which 
has been made by the Holland Tunnel was the 
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solution, of this problem. It has been so well 
solved that it can be said that the air in this 
tunnel is purer than that found in our city- 
streets -where similar traffic conditions exist. 
This is all taken care of automatically- in such 
a way as to be almost certain of no possible 
failure, yet additional safeguards are set up in 
automatic signals which wiU give ample warn- 
ing should there be any approach toward danger. 
The air is constantly analyzed. 

The building of this tunnel has stimulated the 
building of similar tunnels elsewhere. A tunnel 
is being built under the river at Detroit to con- 
nect with Canada. A tunnel is being built con- 
necting Oaldand, California, with Alameda. This 
latter is of interest mainly- because it is not a 
true tunnel at all, but a series of segments, from 
two hundred to three hundred feet long, each 
precast in steel and cement, sunk in place and 
joined end to end. 

The Moffat Tunnel through the Eockies, which 
was recently built, held the title of America’s 
longest for only a few months. It was super- 
seded early in 1929 by the tunnel through the 
Cascades, about 100 miles east of Seattle. This 
tunnel is exceeded in length by but four others 
—the Simplon, St. Gothard, Loetschberg, and 
Mont Cenis tunnels in the Alps. It is about 
eight miles in lengtli. 

This tunnel is of interest because of the 
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method of construction. In order to build it in 
the record time of three years it was necessary 
to have as many working surfaces as possible. 
To accomplish this a pioneer tunnel, a bit to one 
side of the main tunnel, was constructed and 
kept ahead of the main tunnel. The pioneer bore 
was eight feet by nine in cross-section. It tapped 
into the main tunnel at about every fifteen 
hundred feet. Through this the supply trains 
brought in the supplies, and through it the rock 
was removed. It also contained all the cables 
which were necessary for the work. In this way 
the main tunnel was cleared of all obstruction 
and additional working faces were made avail- 
able. As soon as a section was built, the cement 
lining could immediately be put in place, the 
workers being absolutely unhampered by what 
was going on further in the ttmnel. This method 
of construction was found to be entirely success- 
fiil and will doubtless be repeated in future 
borings. 

At the present time the impetus which has re- 
cently been given to tunnel building has re- 
sulted in a reconsideration of such long-talked-of 
projects as the Dover-Calais Tunnel. Active 
steps are being taken to bring this into being. 
The building of a timnel from Gibraltar to 
Africa seems also a not-too-impossible thought 
to entertain. It is estimated that such a tunnel 
would cost $1,930,000,000. While this seems a 
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iarge sum, -wheii one considers tlie effect it 
would doubtless have upon northern Africa it 
would appear that the benefits it would be likely 
to confer would wholly justify the enormous 
expense. 
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VI 

MAN DEFIES THE ELEMENTS 
Ptish-Button Weather 

Primitive man was wholly at the mercy of the 
elements. Not until he built his first shelter did 
he attempt in any way to shield himself from 
the weather. And it was long after this that he 
built his first meager fire to protect him from 
the winter’s cold. At this stage matters stood 
almost to the present time. While great dis- 
coveries in science were made, while astronomy, 
and chemistry, and mathematics flourished, very 
little was done for human comfort. Man ad- 
vanced little from the primitive type of open 
fire, except merely that he learned to avoid 
some of its smokiness. It was Benjamin Frank- 
lin who invented the first stove — the first ad- 
vance in centuries. With the invention of the 
stove came house-heating for the first time. Tel 
those who have lived in a stove-heated house 
know that it was the modern furnace which 
really gave us warmth in winter. 

Now we are ready to do something about the 
summer’s heat. At present our homes are at best . 
equipped with but a few electric fans, which 
produce not more than a ripple. They are about 
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as effective against the summer heat as was our 
ancestors’ open fire against the cold. They are 
only a beginning in the direction of, all-year 
comfort. 

The theaters have been leaders in this direc- 
tion. Wlien one steps into a modern theater on 
a hot summer’s night he now expects to find 
ideal weather inside. Many patrons admit at- 
tending the summer theater for just this reason. 
Some of our large department stores are follow- 
ing this lead, and shoppers are showing their 
approval. Ideal weather can now be manufac- 
tured at will. It is common in our large public 
gathering places ; it will soon be common in our 
homes. 

How is ideal weather made? In the theaters 
in New York the patrons must be furnished with 
thirty cubic feet of air per minute, of which 
twenty-five per cent, must be brought in from 
outside. The air which is brought in is first 
cleaned of all dust and smoke by washing it out 
with a water spray. The air is then passed 
through a chamber which is maintained, by arti- 
ficial refrigeration, at a temperature of about 
42 degrees Fahrenheit. If the air is colder than 
that as it comes from outside, this process will 
add moistime, for the amount of moisture air 
can hold depends upon the temperature. If the 
air is hotter, it wiU, in general, lose moisture, 
unless the humidity at the higher temperature 
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happens to be low already for other reasons. 
Thus, as the air passes from this chamber, it wiU 
in the end always have the same amount of mois 
ture; that amount which the air at 42 degrees 
can hold at saturation. The next process con- 
sists in merely heating the air up to 70 degrees 
Fahrenheit, after which it is passed out into 
the theater. At this point the humidity wiU 
be about sixty per cent. Part of this air is later 
drawn out and recirculated with the air coming 
in from outside. The temperature and humidity 
just named are considered ideal for humans. 

Manufactured weather is now figuring largely 
in our research. As a result laboratories with 
push-button weather are becoming common. At 
Johns Hopkins University zero weather and fogs 
can be produced at wiU for the purpose of 
studying common colds. The Bureau of Mines is 
studying the behavior of airplanes in manufac- 
tured weather. As airplanes must go from hot to 
cold altitudes and from high to low pressures 
in a very short time, these studies are valuable. 
Here the airplane can be kept stationary in all 
kinds of complicated tests, and the weather can 
be varied in a manner which would only rarely 
happen in practise, and which might cost many 
lives if it did. All kinds of extremes can be tried 
out at leisure. 

Manufacturers of cameras also maintain ex- 
tensive research laboratories for the study of 
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weather effects on their products. Both the 
cameras and films, as weU as developers and 
other chemical products, are taken to all parts 
of the world. Their cameras may find use in 
the arctic snows or in the tropical jungles. At 
the throw of a switch the weather conditions of 
these places may be produced in the factories. 

Museums and libraries are rapidly installing 
artificial weather. The effect of dryness on book- 
bindings is all too well known. Also the effect on 
the paper is great. With proper conditions of 
humidity and the constant circulation of fresh 
warm air through the stacks, the books almost 
never disintegrate. Fresh air for books seems 
almost as important as fresh air for humans. In 
museums the paintings are greatly damaged by 
the abrasive action of dust. The removal of dust 
also saves a great deal of labor in cleaning — 
cleaning which is frequently damaging to the 
article cleaned. The addition of water to the 
air also prevents rare old pieces from falling 
apart. It keeps them in a fresh state. 

There can, of course, be no question but that 
ideal weather is a health factor. It has been 
found to have an effect upon blood pressure, 
respiration, pulse rate, and body temperature. 
All these directly affect the health. Wherever 
humans are required to work in polluted atmos- 
pheres, provision is now being made to supply 
plenty of -fresh air. A few years ago there was 
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not an adequately ventilated chemical laboratory- 
in the country. The ne-w ones are all providing 
for artificial -weather. 

At present our air-conditioning systems are 
efficient in the case of large buildings requiring 
large amounts of air. For our homes they are not 
yet built in a manner -which makes them feasibk 
to operate. This, however, we may confidently 
expect will soon be accomplished, and we may 
look forward to seeing our residences supplied 
a few years hence with air that -will be the 
same all the year round. We shall have com- 
pletely conquered the weather. 

Air Sewage 

Much of the necessity of air-conditioning has 
been brought upon us by the cloud of smoke 
which is poured out info the atmosphere by the 
numerous heating plants of the city. We are be- 
ginning to learn something of the necessity of 
purifying our air, just as we have learned the 
necessity of p-orifying our water supply. If the 
water comes to us polluted, we must purify it 
ourselves before use. The same thing applies to 
the sewage of the air, which is now being dis- 
charged, in most cities, almost -without hindrance. 

Most cities have some law which prohibits 
dense black smoke. This takes care of only part 
of the discharge, however; and while the densest 
smoke does the most damage in smudging build- 
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ings, draperies, etc., there are other unseen com- 
ponents of smoke which are fuUy as undesirable. 
About ten per cent, of the weight of the coal 
comes out of the stack, and of this about two- 
tenths is unconsumed carbon. It is desirable to 
save this, as it is the part of the coal which 
produces the heat; and, in the case of large 
installations, an attempt is made to save as 
much of it as possible. It is not economical to 
save it all, hov^ever. The remaining eight-tenths 
of that which comes out of the stack is mainly 
ash, which, apart from the dust which it creates 
on the street and in our homes, is more or less 
harmless. 

Along with these solid products come gases; 
for example, carbon monoxid, a poisonous gas 
which, however, is soon converted to carbon 
lioxid and so gives no trouble ; or sulfur dioxid, 
a really harmful gas. This latter combines with 
water vapor to form sulfuric acid. This is very 
active, and in some parts of New Tork is so 
plentiful in the air that it has eaten away metal 
cornices of buildings and has made it necessary 
to close up metal ventilating systems because of 
holes eaten in the metal. It is destructive to 
Bver3?thing it touches. Its action on fine drap- 
eries and other delicate materials is aU too evi- 
dent. The damage this acid may be expected to 
do in a museum of art needs no comment. 

In addition to the damage which is done di- 
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rectly by smoke pollution there is another vital 
factor. The smoke screen cuts off the ultra- 
violet radiation from the sun during the greater 
part of the year. That this is a vital factor of 
health, and particularly in the bone-grovrth of 
children, there is no longer any doubt. It has 
been proved over and over again. This factor 
can be replaced to some extent by treatment 
•with vitamin-bearing foods and by irradiation 
•with artificial sunlight. Too often, however, this 
is not done. It requires, at times, much effort 
on the part of the indi^vddual, and often the ex- 
pense of such treatment is beyond the reach of 
those -who need it most. Here is something given 
to us by nature, of which we have been robbed. 

But how to get rid of the smoke screen, that is 
the question. At the present time there are many 
types of smoke collectors intended for the stacks 
of large power installations. The smoke is caught 
by these in various ways. In the simplest type, 
the smoke is merely trapped by filtering it 
through some material such as metal wool. It 
may be caught by passing it through baffles or 
through zones of still air. 

The more elaborate smoke collectors precipi- 
tate the solid matter by fortuitous air currents. 
One of these, by a rotary device, throws the 
smoke and dust to the outside of the machine 
where it is collected in much the same way that 
milk and cream are separated. Another employs 
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the principle of the whirlwind. When the air is 
set into rotation, solid particles tend to settle 
in the center of the' vortex as leaves coUeet in 
the center of a small whirlwind on a gusty 
day in autumn. Still another smoke collector 
operates electrically. The smoke circulates be- 
tween large plates which are electrically charged 
to a high potential. The smoke particles, becom- 
ing charged by induction, are pulled over and 
precipitated on the plates, from which they later 
faU. 

By such devices large quantities of smoke are 
collected. One single power plant collects over a 
hundred tons of smoke a day. But there is little 
incentive to do this. The smoke is no use after it 
is collected. It will not pack solid, so it cannot 
be used to fill in waste land. It will blow off 
open trucks, and so can only be transported with 
difficulty. It cannot be dumped into a stream, 
as it will not settle to the bottom. It pol- 
lutes the water. Thus there is no likelihood that 
anyone will go to the trouble and expense of 
collecting such material unless forced by public 
opinion. This, however, is being aroused. Un- 
fortunately, no collecting device exists which can 
be used on small installations. Perhaps one will 
be devised when the public is sufficiently inter- 
ested. In the meantime we can look for a major 
improvement only in the use of better coal and in 
improved firing methods. This is a problem for 
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engineers and scientists. Perhaps it -will mean 
that eventuaUy our heat and power will come 
into the cities through outside electric and gas 
plants. 

Permanent Peace with the Mississippi 

Against no force of nature is man more help- 
less than against the flood, once it is upon him. 
The water rises, relentlessly, inch by inch, until 
it becomes a great torrent carrying everything 
before it. The story has been so often repeated 
that it is a familiar one to all. We have heard of 
it recently in the Mississippi Valley. We have 
heard of it in Vermont. 

But in the case of the Mississippi, at least, we 
are preparing to end these disasters. An appro- 
priation of $325,000,000 has been made to pro- 
vide engineering works for the permanent pro- 
tection of 20,000,000 acres of the world ’s most 
fertile land. When this work is ended it will 
form an enduring monument to our generation. 
Long after the Woolworth Tower has been pulled 
down to make room for other structures, and 
perhaps even forgotten, the Mississippi will be 
flowing quietly between the levees which we are 
now providing. Perhaps long after the last vehi- 
cle has passed over the Brooklyn Bridge these 
engineering works will be performing their duty. 
We shall have permanent peace with the Mis- 
sissippi. 
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Too long have we been trying to grab more 
and more land from this river. True enough, 
we can confine the river to a narrow bed, if we 
make the levees high enough; but there is a 
limit beyond which- this can go neither safely nor 
economically. We can, however, use the re- 
claimed land part of the time. To do this the 
present plans call for confinement of the river, 
under normal conditions, to a comparatively 
narrow bed, and a secondary line of levees is to 
be built whicli will take care of the river tempo- 
rarily in flood times. Engineers are building 
what are called fuse-plug sections. These are 
three feet lower than the regular levee, and 
over them the water will flow when floods begin 
to menace. They are provided wherever drain- 
age facilities will permit their use. One, forty 
miles in length, will be provided Just below 
Arkansas. 

Another protection device is the so-called spfll- 
way. This is a construction of masonry sills 
which can be operated mechanically to lower the 
Water level when it reaches dangerous heights. 
The sills can be opened almost instantly. Such 
Spillways are to be provided for the protection 
of New Orleans. 

The basin of the Mississippi has now been 
thoroughly studied, and in many places it has 
been found necessary to relocate the levees. This 
has often resulted in the necessity of cutting 
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across old homesteads. But such is the march of 
progress and the cost of safety. 

The levee forms, for the most part, the only 
kind of flood protection whose cost is consistent 
with the value of the land reclaimed. Levees vary 
somewhat in size and shape, depending on the 
nature of the soil. For loam, which predominates, 
they are built with a slant of about one foot in 
three and a half on the river side and about 
one foot in six and a half on the land side. The 
crown is about ten feet across. On the river 
side the levee is protected by a mat of willow- 
reeds woven into galvanized steel cable. The 
reeds are spread out on the water and sunk by 
piling stones upon them. More recently a con- 
crete mat has been devised. This consists of 
concrete slabs held together with steel cable. 

When the work is complete it -will constitute 
the greatest achievement in flood protection that 
the world has ever kno-wn, and there will be no 
question about its safety. Wherever experts 
have differed as to the best method to be used at 
any point, the safe procedure has in every case 
been followed. Thus does man control the nat- 
Tiral forces which threaten him. 

Men Killed l>y Milk Explosions 

While it may not always be the unexpected 
which happens, as has so often been said, never- 
theless the xmexpected frequently does happen 
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in a way which is very mystifying. If we were 
to warn workmen of the presence of glycerol 
nitrate, cellulose nitrate, or of trinitrotoluene, 
every one would keep at a respectful distance. 
The very names of these seem to frighten him. 
But if we were to post up a sign saying 
“Danger, Mour!” or if we were to warn of 
the danger of cork, milk, chocolate, or a dozen 
other materials, we should be laughed at by most 
men. Have they not used these materials all their 
lives? They have never seen a milk bottle ex- 
plode nor a cork suddenly fly to pieces. 

It is this attitude which makes it so difficult to 
guard against explosions of these substances, 
explosions which take a tremendous toll of life 
and property every year. How do such explo- 
sions come about? 

Explosions may be placed in two classes, 
physical and chemical. A physical explosion is 
represented in the blowing out of an automobile 
tire. The wall fails to hold against the physical 
pressure inside, and a sudden release of the pres- 
sure, an explosion, takes place. A boiler explo- 
sion due to excess steam pressure is also of this 
tjT)e. A chemical explosion is one in which a 
chemical action suddenly produces large quan- 
tities of gas which build up a high pressure at 
a very rapid rate. This leads to a physical ex- 
plosion. 

Now any material which will burn, will in 
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general, produce gas. The rapidity -with which 
the gas is produced depends upon the rate of 
combustion. If a cork is in a solid piece, as we 
are accustomed to see it, the combustion can 
take place but slowly, as the flames must burn 
their way into the interior of the mass. But sup- 
pose we grind the cork to a very fine powder and 
shake it up in a box filled with air and then 
set a flame to it. It wiU explode! Every indi- 
vidual dust particle is surrounded by air con- 
taining the necessary oxygen for combustion. 
Every particle can burn at once. The result is 
that gas is formed at a very rapid rate, and if 
the dust is in an enclosed space, the escape of 
gas must take place with the attendant destruc- 
tion of the container. 

Almost every industry is subject to the dust 
hazard. Of a number of cases reported, one was 
due to pyroxylin lacquer dust, resulting from 
the spraying of automobile bodies; eleven were 
sulfur dust; four, hard rubber dust; sixteen, 
starch; nine, sugar; twenty-seven, wood dust; 
six, cork; two, aluminum; six, fertilizers; three, 
spice ; two, pitch dust ; one, rosin ; two, powdered 
milk; two, chocolate and cocoa; two, celluloid; 
and three, cotton dust. This gives some idea of 
the diversity of materials subject to this hazard. 
There is almost no dust which will not burn. 

Most of these explosions were caused by hard 
material getting into the grinders and producing 
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sparks. Next came friction between belts and 
pulleys, as a cause of the explosions. This pro- 
duces static electricity, which may produce a 
spark. Open flames and broken lamp bulbs were 
also among the causes of these explosions. In one 
case the spark was due to a broken elevator 
chain. In another it was caused by sliding boxes 
along the floor. 

Such explosions, difficult to ward against, 
must be considered a major danger wherever 
dust exists. And they are usually severe. Dr. 
David J. Price, of the United States Bureau of 
Chemistry and Soils, writes : 

The Bureau has obtained records of more than 
300 of these explosions. In seventy-eight dust ex- 
plosions 498 persons were killed and in 106 ex- 
plosions 878 were injured. In 144 cases the 
property loss amounted to $39,706,108, an aver- 
age of nearly $246,590 for each explosion. The 
economic importance of this problem can be 
more readily appreciated when it is realized that 
at least 28,000 industrial plants, employing over 
1,324,000 persons and manufacturing products 
of an annual value in excess of $10,000,000,000, 
are subject to the hazard of dust explosions. 

Battling with Icebergs 

With the increased necessity for year-round 
shipping, with the increased number of water- 
power electric-generating stations, as weU as 
other year-round activities on main waterways, 
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has come into being a new kind of engineer, the 
ice engineer. It is his business to break np ice 
jams which may occur and, in so far as possible, 
prevent their recurrence. Anyone with a small 
amount of engineering education will realize the 
difSculties of such a job. The first part of it, 
prevention, is not so difSeult. An understanding 
of the flow of water and of the theory of ice 
formation is frequently all that is necessary to 
enable the engineer to formulate methods of pre- 
venting an ice jam. Once the ice jam is formed 
the matter becomes decidedly more difSeult. 
Treatment of such a condition usually requires 
heroic measures. This is because an ice jam usu- 
ally involves thousands of tons of ice, and be- 
cause the amount of heat required to melt ice is 
enormous. To melt ice requires eighty per cent, 
as much heat as is required to raise the tempera- 
ture of the resulting water from freezing to 
boiling temperature. To melt ice is, therefore, 
clearly not to be thought of. The first recourse, 
usually taken by the inexperienced, is to blast 
out the ice with dynamite. This is, in general, 
out of the question. We all know the great effort 
required to blast a cut through a mass of rock in 
railroad or highway construction. It is a process 
requiring weeks for even a small cut. An ice jam 
requires immediate relief to avoid possible floods. 
In addition the ice, being more elastic than the 
rock, is less easily shattered. 
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The most successful work that has been done 
in clearing ice blocks has been accomplished 
through the use of thermite. The use of thermite 
is like pouring white-hot steel into a crack in 
the ice. The molten metal is produced by the 
action of aluminum and iron oxids. This has a 
variety of effects. In the first place, the high 
temperature causes great expansion in the neigh- 
borhood of the crack into which it is poured. 
The unequal expansion at this and other points 
results in cracking, for the same reason that a 
cheap glass will crack if hot water is poured on 
it at one spot. In addition to this effect the dis- 
integration of the water into its components, 
hydrogen and oxygen, produces an explosive 
mixture of great violence. It is not thought, 
however, that this is of great importance, altho 
it all helps. One of the foremost ice engineers, 
Dr. Howard T. Barnes of McGill University, 
Montreal, is of the opinion that the effect is prin- 
cipally due to the transmission of heat rays 
through the ice. These are finally absorbed along 
seams and various points of inhomogeneity. 
Such rays, he thinks, may travel in the ice for 
some time and set up strains, due to expansion, 
which are not at once evident. A charge of 
thermite, when set off, has little immediate effect. 
It is usually many hours later that the ice begins 
to crack up. In this way large icebergs have been 
destroyed, and it is contemplated that further 
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improvements on the method will make it pos- 
sible to destroy all icebergs which threaten to 
drift into the ship lanes. The possibilities of 
this fascinating field of engineering are just be- 
ginning to be realized. 

Fires that Start Themselves 

One of the problems with which man must 
constantly strnggle is that of fire prevention 
and control. There are few causes of fire which 
we cannot directly eliminate. And yet we go on 
having fires, costly in life and in property, daily, 
It is estimated that among farmers, where the 
'availability of fire-fighting equipment is not 
great, one-sixth of the net profits of the farmer 
are wiped out each year by fires. 

Among the various causes of fires which are 
preventable may be mentioned defective chim- 
neys and flues, sparks on combustible roofs, 
careless use of matches and cigarets, careless 
handling and storing of gasoline and kerosene, 
faulty electric wiring, and improper use of elec- 
trical apparatus. Among the major causes of 
fire which can only be listed as semi-preventable, 
may be mentioned such natural forces as light- 
ning and spontaneous combustion. It is only 
these latter causes which interest the scientist to 
any extent. 

In the case of lightning the possibility of fife 
can be almost wholly eliminated by the proper 
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use of lightning rods. These rods, which have 
long been in use, unfortunately acquired a bad 
reputation which extended over a number of 
years, because of fraudulent practises or lack of 
knowledge. Unscrupulous concerns marketed 
wholly worthless rods which were not built to 
the necessary specifications and in many in- 
stances constituted a menace. In other cases ade- 
quate rods were not properly installed, and as a 
result were worse than useless. The prejudice 
which was built up against lightning rods has 
now been largely removed, and rods conforming 
to the best electrical practises are being installed 
in many places, with the result of almost perfect 
protection. 

The problem of spontaneous combustion has 
not, however, been so well solved. The cause of 
this is stiU not weU understood. It appears that 
the first step in the cause of spontaneous com- 
bustion is often due to bacterial action. But as 
this ceases, due • to the death of the bacterial 
organisms at about 70 degrees centigrade, which 
is far below the point of combustion of the sub- 
stances in which the fires usually occur, it ap- 
pears that from here on the action must be 
chemical, and perhaps catalytic. 

Because of the enormous number of barn 
fires that occur on farms through the spontane- 
ous combustion of hay, the Department of Agri- 
culture of the United States has assigned a staff 
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of scientists to the study of this problem. The 
best field results that have been obtained so far 
have come from a study of the Vei-mont floods 
in 1927. Many of the farm buildings are in 
valleys, and during the flood, where barns were 
not carried away, they were left standing in as 
much as seventeen feet of water. Fire, under 
such conditions, would seem to be the last im- 
aginable worry. Yet many fires resulted from 
just this condition. Hay standing in the barns 
became wet and, as the dampness favored the 
bacterial growth, many fires occurred after the 
waters receded. Barns still standing in several 
feet of water were burned down to the water’s 
surface. 

It appears that hot pockets develop through 
the action of bacteria. As the temperature rises, 
secondary chemical reactions set in ; these cause 
air to rise to the surface, and this air, breaking 
through, creates an upward draft like that of a 
chimney. The result is a sudden outbreak of 
intense fire. If the temperature is not raised to 
the point of ignition it frequently results in 
charring, and in this way ruining the hay. 
Similar spontaneous combustion is thought to 
have been the cause of the destruction of over a 
million acres of peat bogs in Florida during a 
single winter. 
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Man-Made lAghining 

The study of lightning, begun by one of the 
first American scientists, Benjamin Pranldin, is 
now being renewed. The story of Franklin and 
his kite is a classic, but since his time very Little 
has been done in this fascinating, tho extremely 
dangerous, field. Perhaps it is the danger which 
is the cause of this reluetancy to undertake 
lightning study. At any rate no great advance 
in our protection against lightning has been 
made beyond the lightning rod. 

In the early days of electric lighting, to have 
the lights go off was a common experience. It 
was not difficult in those times to struggle 
through a half-hour of darkness. The candles 
were lighted and we did well enough. Now to 
have the power go off and tie up one of our 
subways, for example, is a serious thing. Even 
to stop the elevators in one of our office build- 
ings for that length of time would lead to great 
inconvenience. Our power must stay on. 

One of the greatest causes of interference at 
the power station is lightning. The methods of 
protecting the line from lightning are borrowed 
from the Imowledge which has been obtained 
from lightning rods. In all these years lightning 
has not been studied first-hand. Realizing this, 
two of the largest electrical companies in Amer- 
ica sent expeditions into the field in the summer 
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of 1928 to study lightning. The results were far 
from encouraging. One of these expeditions, 
which planned to study the effects by photo- 
graphs taken on an instrument known as an 
oscillograph, obtained but a single picture in the 
entire season. This picture was taken in but one 
fifty-thousandth of a second, and figuring the 
expense of the expedition, cost $75,000. As a re- 
sult of this and similar disappointments, a new 
method of studying the problem has been de- 
vised. We now use artificial lightning. 

We aU remember that Steinmetz succeeded in 
making artificial lightning in the laboratory sev- 
eral years ago. Since that time the voltages pos- 
sible in the laboratory have steadily grown. The 
California Institute of Technology at one time 
had the highest voltage available in the world — 
1,500,000 volts. This was recently greatly ex- 
ceeded at the Pittsfield laboratory of the General 
Electric Company, where a voltage of 3,600,000 
was obtained. The next step was taken at the 
Carnegie Institute of Washington, where, by the 
use of a Tesla coil, scientists reached a voltage 
of over 5,000,000 volts, a value which was again 
exceeded somewhat by the Pittsfield laboratory. 

Now these voltages have been taken out of the 
laboratory for experimental work on the protec- 
tion of electrical transmission lines. These lines 
are struck with man-made lightning and the 
effects observed in order that better methods of 
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protection may be devised. The means of protec- 
tion thus devised are in turn put to the test of 
being struck by lightning at our own conven- 
ience. We no longer have to spend long and use- 
less hours in the field waiting for a chance bolt 
of lightning to come our way. We have mastered 
the lightning. 

With these high voltages scientists have the 
hope of obtaining much information concerning 
the structure of the atom, and it is also antici- 
pated that x-ray pictures may be taken through 
an entire building, so powerful would be the 
rays produced by such a voltage. It is expected 
that such x-rays would reveal flaws in castings 
many feet thick, whereas now we can penetrate 
but a few inches. We shall not only be able to 
defy the lightning by new protective devices ; we 
shall be able to enslave it for our own uses. 
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ELECTRICAL SLAVES 

Ttoiots that See, Sear, Taste, Smell, Feel, Think, 
and Talk 

The number of robots wbicb have been intro- 
duced, as the result of recent scientific discover- 
ies, has been large. It has always been the desire 
of man to cast off as much of his work as pos- 
sible on somebody else’s back, and the robot is 
a particularly desirable victim. One does not 
have to regard his feelings in the matter. But 
while robots have but recently been made in a 
form to resemble in appearance that which we 
think a robot should have — a sort of squared-off 
human form — they have nevertheless been with 
us for some time. Glass-blowing machines, knit- 
ting machines, etc., show almost human intelli- 
gence. They seem to have brains, even tho they 
are decidedly one-track brains. 

But before we can say that we actually have a 
robot we must have one which can see, hear, 
taste, smell, feel, think, and talk. It must exer- 
cise judgment. As a matter of fact, we now have 
robots which will do all these things, altho not 
all are combined in one robot. Only recently has 
the robot been given an eye — ^in the form of a 
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photoelectric cell, a device which changes light 
signals to electrical ones. This enables the robot 
to do a great many things. It enables him to 
measure and match colors more perfectly than 
can the human eye, it enables him to direct 
traffic, to count the number of people passing 
through a gate. The robot so equipped can do 
all sorts of things in -which a difference in color, 
the cutting off of a light beam, or the production 
of a shadow, may be made to figure. It can time 
race-horses, for example, when they are made to 
intercept a light beam at the finish of the race. 

In the matter of hearing, wonders have been 
accomplished. A robot has been made which in 
answer to whistles of different pitch can do a 
great number of things. The thing which is done, 
of the several possible, is selected by the tone 
of the whistle. After the 30b has been done, this 
robot reports back that such is the case. This 
particular robot has even been made to answer 
and take its orders over the telephone. It is 
called up in exactly the same manner as one 
calls a person, from any telephone station any- 
where. Another robot which has been de-vlsed 
answers to our own language, apparently. In 
fact, however, it is only influenced by the num- 
ber of syllables. On one syllable, one impulse, 
it -will perform one duty; on two impulses an- 
other, and so on. Thus we have robots that can 
both see and hear. 
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Robots have been devised that bave a keen 
sense of smeU. These are used where there is 
danger of accumulation of poisonous gases, and 
so keen is their sense that they not only warn 
of the gas on the slightest approach of danger, 
but state as well the exact amount of the gas 
present in a given volume. Robots have also been 
made with a very sensitive touch. One such, a 
rail-flaw detector, will not only detect flaws in 
the rail which are external but it exceeds aU 
possible human ability by detecting flaws in the 
interior of the rail as well. As it moves along 
the rail it squirts a bit of white paint on every 
flaw. In the chemical laboratory, also, robots are 
used for tasting. 

It remains only for the robot to talk and think, 
and this, too, it has done. A robot has been ex- 
hibited which answers questions that are asked 
it. Automatic vending machines now thank the 
purchaser. In the matter of thinking — the exer- 
cise of judgment — ^we have the case of the trafSe 
robot that is used where there is little side-road 
traffic. It interrupts traffic on the main road with 
a red light whenever a vehicle approaches from 
the side. But should the side-road traffic become 
heavy, it ceases to function in this manner and 
throws red and green for equal successive inter- 
vals according to the system ordinarily used at 
crossroads. "Whenever the side-road traffic di- 
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minishes, it will go back to the original method 
of traffic direction after a suitable interval. 

Thus we have robots which will perform al- 
most any duty ordinarily required of man. And 
these robots can, in almost every case, do the 
work better than man himself. So far aU these 
abilities have never been incorporated in a single 
robot. Perhaps this will never be done. After all, 
the robot excels in the one thing in which man 
is weak, monotonous tasks, and for these only a 
limited ability, requiring at most the use of one 
<i)r two senses, is necessary. 

Boiot Locomotive Engineers 

With all due respect to the engineers who have 
made American railroading what it is to-day, 
who have pulled their trains “through" against 
adverse conditions, and delivered their passen- 
gers and man on time in spite of the weather, 
it must be said, nevertheless, that their day is 
passed. So far as driving the engine is concerned, 
the engineer is now reduced to a mere autom- 
aton himself, and other and numerous autom- 
atons do the work he used to do. Bear in mind, 
however, that we do not refer to him as imneces- 
sary. With the complicated high-power engines 
which we have to-day he must be a more highly 
trained man than ever. It is his job to see that 
this immense power plant on wheels functions 
properly. But the thrill of driving the engine is 
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over. In a few more years, to aU purposes, he 
might as well he operating a stationary power 
plant so far as he will be concerned. This is due 
to the automatic train control that has been 
introduced. 

In a typical automatic system there may be 
three kinds of blocks. In the first, where full 
speed ahead can be maintained, the maximum 
speed may be sixty-five miles an hour for pas- 
senger trains, and fifty for freight. If a train 
exceeds this speed, a whistle sounds in the cab 
and the brakes automatically set. They carmot 
be released until the proper speed is reached. 
This is accomplished by a governor, which is 
rotated through gears to the wheels. It is like the 
old steam-engine governor. As it rotates, two 
balls are thrown farther and farther apart, at 
the same time pulling up a collar on a shaft. 
"When this reaches a certain point the whistle 
and brake are operated. 

The second type of block is the danger zone. 
Here the maximum speed wiU be about twenty- 
five miles an hour. The governor is automatically 
changed on entering such a zone to take care of 
this reduction in speed by a method to be de- 
scribed. A danger zone may be such always or 
may become one because of the presence of an- 
other train ahead. In a caution zone the speed 
must be tapered down from seventy to twenty 
miles an hour in 3600 feet. A chime whistle 
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sounds until the lower speed is reached, and if 
at any time the engineer exceeds the tapered 
speed a shrill whistle blows and the brakes are 
set. Every time an engine passes from one zone 
to another the shrill whistle sounds and must be 
stopped by pulling down an acknowledging 
handle. If this is not done in 300 feet the brakes 
are set. 

These various signals and speed changes are 
.<!et by means of a current of electricity. In a 
safe section of track the current follows one rail, 
passes through the axles of the train to the other 
rail, and back. So long as this goes on a current 
is induced in a pair of feelers which are held a 
short distance above the rails in front of the 
engine. The current is magnified by amplifica- 
tion with radio tubes and holds down the vari- 
ous devices in their operating condition for high 
speed. If the current is off, as in a danger zone, 
the various warnings are released. As a broken 
rail will break the circuit, either this or a 
burned-out amplifier tube will set the various 
devices for danger, and the speed must accord- 
ingly be reduced. 

Prom this it will be seen that a train might 
proceed safely with the engineer instructed 
never to pull the brakes. Unless he must guard 
against danger at a crossing, it is never neces- 
sary for him to do anything but release them 
after they have been set by the robot which does 
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tlie real work. The control is almost entirely out 
of his hands. 


Suiroay Safety 

Perhaps nowhere else has the automatic con- 
trol of trains reached the stage achieved in the 
New York subways. Here control is carried to 
the limit. Every ear is crowded underneath with 
suspended automatic safety devices. In all, fifty- 
sis safety devices are used on the subways. 
Twenty-two of them are to guard against failure 
of mechanical or electrical devices. Sixteen 
guard against human error. The remaining 
eighteen are alarms to give warning when 
human, mechanical, or electrical agencies are not 
functioning properly. In the old days of rail- 
roading it was thought necessary to maintain a 
twenty-minute headway for passenger trains. 
The subways carry thousands of passengers with 
less than a minute headway. In rush hours the 
schedule calls for over thirty trains an hour at 
Grand Central and Times Square. Allowing for 
stopping time, it is obvious that the trains must 
travel close together. One must be pulling into 
the station as the other leaves. Automatic de- 
vices control the speed of the train pulling in 
in accordance with the speed of the departing 
train. In ordinary running the train leaves be- 
hind it a string of danger signals and a row of 
levers standing up alongside the rah. If the 
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motorman runs by a signal an automatic brake 
is set by one of these levers. The lights change 
and the levers fall back out of the way auto- 
matically when the train is a safe distance on. 
The subway is the first railroad to control 
che loading of passengers automatically. As long 
as there is any obstruction the automatic doors 
will not close. A rubber lap on the edge contains 
two parallel springs. If one of these is pushed 
against the other it closes an electrical circuit 
which prevents the door from closing. Once the 
door is closed, however, it cannot be opened ex- 
cept by the automatic control system which 
opens them at the stops. It is also arranged that 
the power to move the train cannot go on until 
all doors are closed. Thus the motorman proceeds 
knowing that all doors are closed, that nothing 
is caught in them, and that no passenger can 
open them. The system can be greatly inter- 
fered with by those not familiar with it, but 
this rarely happens. The passengers who use the 
subway have themselves become automatic and 
slide in and out with little friction. It is usually 
visitors from out of town who become annoyed 
and cause delay. One argumentative visitor 
caused a serious jam on the whole system by 
delaying a train for half a minute at Times 
Square during a rush hour. Trains were held 
hack aU along the line, the platforms became 
crowded, and matters did not straighten them- 



ELECTRICAL SLAVES 


selves out for hours. This type of delay fortu* 
nately rarely happens. 

With automatic control of the trains, and of 
the loading of passengers, the subway is able to 
carry enormous crowds with very few atten- 
dants. It is not improbable that in the future 
men may be entirely dispensed with and the 
trains operated altogether by robots. Already 
they have taken over the important job of col- 
lecting the fares. 

Speeding Up the BaiUvays 

Our railroads are rapidly being electrified, be- 
cause we are demanding greater and greater 
speeds. In 1829 when the Rocket, competing 
against three other locomotives, carried passen- 
gers at a speed of from twenty-four to thirty 
miles an hour, speeds of 100 miles an hour were 
freely predicted. That was because rail trans- 
portation, being more expensive at the time than 
any other, offered no advantage except in speed. 
As costs were reduced, high speeds were no 
longer sought. In America, where the distances 
were large and the roads had to compete with 
low-priced canal traffic, speed remained some- 
thing of a factor for many years. But with the 
canal traffic out of the way the railroads forgot 
about speed again. Thus the famous locomotive, 
999, which holds the speed record, made its 
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nm in 1893, not a period that we think of as the 
age of speed. 

Now that the airplane has come into nse we 
are again demanding speed. This is shown by 
the popularity of the crack trains that are being 
run in increasing numbers. It is shown by the 
combined railroad-airplane schedules which, call 
for connections between day airplane travel and 
night train travel. The railroads realize in the 
airplane a serious long-distance competitor and 
in the bus a serious short-distance competitor- 
They must speed up. 

Now, speed costs money. As a train travels 
faster and faster the depreciation of the rolling 
stock and the upkeep of track both increase 
rapidly. The wind resistance also goes up, and 
there is a tremendous loss of power due to radia- 
tion from the engine. It is these things which 
have limited our speed for so long. 

In operation it is necessary to offset as many 
of these as we can. Electrification helps. On elec- 
trified roads the power plant is stationary and 
can be operated more efficiently than a power 
plant moving at high speeds. At low speeds the 
moving power plant is more economical, as there 
are no transmission losses. In the beginning of 
railroading many were of the opinion that the 
trains would be drawn by cables pulled by 
stationary engines. Such cable lines are in use 
on steep grades, but it now appears that they 
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will all be superseded by the invisible cables of 
electricity. 

Our speeds are limited somewhat also by our_ 
tracks. As it happens, they are about the best 
that we know bow to build economically. Experi- 
ments are being tried out with much longer rails 
to cut down on the number of joints. Other 
changes are being considered. We may look for- 
ward to electrified roads and much greater 
speeds in the future. 

Talking Movies 

It needs no herald to teU us that the talking 
motion picture is here. It is. And it would seem 
that every communication engineer in the coim- 
try is hard at work in this new and fascinating 
field. It requires the highest developments in the 
art of communication to make these frozen mes- 
sages and to reproduce them on the screen. Let 
us review the process. 

To begin with, the communication engineer 
had to call in the acoustical engineer to help 
him. In general he became an acoustical expert 
himself. He had to soimd-proof the studios so 
that absolutely no noise entered from without, 
he had to still the click of the camera and the 
bisR of the lights previously used in motion- 
picture photography, AH these are genuine prob- 
lems. 

Having achieved silence, which at this stage 
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is most certainly as golden in the literal sense 
as silence ever was, the next problem was to 
“can” the voices of the artists. In the earliest 
successes the phonograph record was used. In 
some systems it is stiU used. The turn-table had 
to move in exact synchronism with the film, and 
the two had to move at constant speed to avoid 
changes of pitch on the record. This was done 
by using a constant-speed motor and gearing the 
turn-table for the record directly to the mecha- 
nism which moved the film. If this could not be 
done they were both moved by synchronous 
motors. A similar system was used in the repro- 
duction of the film and sound. Since the record 
must be put on the turn-table and started so as 
to synchronize with the picture, there is a slight 
difficulty here. It has been found, however, that 
they can be out of step by a fraction of a second 
without its being evident to critical observers. 

In other systems of talking motion pictures 
the sound record is placed on the side of the 
film which carries the picture. It may be of 
two types: either it is a black strip (white on 
the positive) of varying width, or it is one of 
varying intensity. In the first case the sound is 
made to vary the width of a slit through which 
light passes to the film . This is accomplished by 
picking up the sound and changing its varia- 
tions to electrical variations by means of a micro- 
phone, just as it is done in a broadcast studio. 
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The electrical variations are used to do the 
mechanical work of opening and closing the 
shutter, and the light which passes through sets 
up the photo-chemical action in the material of 
the film. Thus we have energy in the form of 
sound, electricity, mechanical action, light, and 
chemical action all taking place in recording the 
• sound on the film. Where varying intensities are 
used, the system is much the same except for 
the omission of the mechanical shutter. The elec- 
trical energy is utilized directly to light a small 
glow-lamp, the intensity of which varies with the 
current through it. The sound record on the 
film is a strip whose intensity varies with that 
of the lamp. 

In reproducing the sound a lamp is placed so 
that its light passes through the sound record 
and strikes a photoelectric cell. This cell has the 
ability to change light variations back into elec- 
trical variations. These are amplified by methods 
common to radio receiving sets and made to 
operate loud-speakers. 

The results which have been attained in this 
field are truly astonishing, and we may feel 
assured that we are only on the threshold of a 
great power in education as well as in enter- 
tainment. 
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Television 

Television is an aecomplisbed fact. It is noTV 
possible for a man to sit in his home and see 
events which are happening thousands of miles 
away. It has been done in trans-Atlantic tele- 
vision experiments. Yet, since television is stiU 
in the experimental stage, it has so far obtained 
but little hold on public interest. In one way it 
is farther along than most people realme, while 
in another it is less far along. This self-contra- 
diction lies in the fact that while its progress up 
to the present has been steady, it has now run 
into difficulties which appear to have no ready 
solution. In order to understand this let us look 
>nto the method used in television in general. 

To begin with, a picture is sent bit by bit in 
such rapid succession that the eye which receives 
the picture retains the image of the first bit sent 
up to the time the last bit appears. The process 
of viewing the picture or scene to be sent is 
by scanning it with a powerful beam of light 
which is made to move over it rapidly. The beam 
moves over the scene in a manner similar to 
that in which this page is read. You read one 
line across from left to right, then repeat on the 
next, and so on. In like manner a picture is 
scanned; a narrow strip of light moves succes- 
sively over adjacent strips. This may also be 
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accomplished by illuminating the entire scene 
and scanning it by means of a moving lens. 

As the light scans the scene, the variations in 
light and shadow are used to produce a varying 
current through a photoelectric ceU. In this the 
light variations are changed to electrical varia- 
tions. The electrical changes ean then be ampli- 
fied and sent out over wires, or broadcast by 
radio. 

"When the varying light signals are picked up 
at the receiving end, they are reconverted from 
electrical variations to variations in light in- 
tensity. They are amplified and sent through a 
glow-lamp whose intensity varies with the cur- 
rent. This light is spread out on a screen by an 
inverse scanning process, and so forms the pic- 
ture viewed. 

Some of the mechanical difficulties will he at 
once evident. It is obvious that the scanning 
process at the receiving and transmitting ends 
must be exactly synchronized, otherwise the pic- 
ture will be greatly distorted. This is accom- 
plished by sending out from the receiving end a 
synchronizing signal which is picked up and 
amplified and which automatically keeps the two 
scanning systems in step. This requires a sepa- 
rate circuit where wires are used, or if two fre- 
quencies are used on the same wires, it requires a 
fflter system. In radio television it requires two 
Z135-2 
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•wave-bands, one for tlie picture and one for 
syncbronizing. 

Starting the two scanning systems at the 
same time is not important. Failure to. do this 
merely means that the picture will not be prop- 
erly centered on the screen, and this can be 
remedied at once by manual control at the re- 
ceiving end. 

The two limiting factors in the system are the 
photoelectric eeU and the reproducing glow- 
lamp. For suitable operation, at present, intense 
light is necessary to affect the eeU sufficiently 
for transmission. Pictures illuminated with 
bright sunlight have been sent, but in general 
it requires much more light than this. At the 
receiving end the glow-lamp cannot have its light 
spread out over more than a few square inches 
if it is to be clearly seen. Thus we are limited 
both ends, and as yet there appears to be no 
more suitable apparatus in sight than we now 
have. 

Much experimenting has been done 'with other 
devices used to change light variations into 
electrical ones, but these have all met with 
failure. As a rule they fail because of lag. The 
electrical response to the light does not come 
until after a short lapse of time. This voids 
their use in television, which requires that the 
device follow the changes at rates up into the 
thousands per second. 
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It is somewhat the same thing which limits 
the receiving end. The lamp used must follow 
the electrical changes and vary its intensity at 
this same rate. The glow-lamp is the only device 
which will do this. Unfortunately, it has low in- 
tensity. In a way this can be overcome by using 
a large number of glow-lamps to form a screen, 
and as many as twenty-five thousand have been 
used in this way on a single screen. Each of these 
requires a separate circuit, which results in 
costly and complicated apparatus. This is be- 
yond the practical for ordinary use. Thus we 
have reached a point beyond which there seems 
no possibility of going at present. There is no 
reason why we may not- soon have motion pic- 
tures by television, however. Here intense lights 
can be used at the transmitting end, and even 
tho the viewing screen at the receiving end is not 
large, it can be seen by those gathered around. 

Many interesting things have been done with 
television. A system has been devised for record- 
ing the electrical variations on a wax disk simi- 
lar to that used on phonographs. This disk can 
be later “played” and the picture of the orig- 
inal scene reproduced. Colored television has 
been accomplished by the use of two or more 
glow-lamps, which have complementary colors. 
The light from both is thrown on the screen 
at the same time. Noctovision has been accom- 
plished. This consists in scanning the scene with 
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invisible light rays wliicb actuate the photo- 
electric cell in the usual way and produce the 
image quite as usual at the receiving end, 

Man has always wanted to see and hear at a 
distance. This has been in evidence ever since 
he first climbed a tree to look afar. The inven- 
tion of the telescope gave him his first powerful 
tool with which he might gratify this desire to 
some extent. Now comes television, which will 
allow him to look across continents, aroimd 
corners, and into dark rooms. When this be- 
comes a commercial success it would seem that at 
least one of his desires will be thoroughly 
gratified. 

\ 

Radio By-products 

Obviously we cannot pass over the modern de- 
velopments of science without some mention of 
radio. And yet the achievements in this field 
are so weU known to every one that there seems 
to be but little that one can say that would be 
information even to the least informed on scien- 
tific matters. "We have all seen radio develop 
from the days of the nickel coherer, through the 
crj’-stal stage, and to the modern vacuum tube. 
The best we can do, then, is to point out a few 
of the side developments which the average man 
may have overlooked. 

Consider for example the transatlantic teleph- 
ony that has become a regular part of our 
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telephone service. This is accomplished by short- 
wave radio. We may now pick up the receiver in 
our homes and offices and call over 17,000,000 
subscribers in the United States and Europe. 
When we talk to Europe from the United States 
the message is carried to the coast, where it is 
amplified and fed into a broadcast system. By 
short waves it is carried through the air to 
England, where it is received by a radio receiver 
quite different in appearance from those in our 
homes, but operating on exactly the same prin- 
ciple. Here it is again amplified and fed into 
the telephone lines. 

Wherever there is a small effect, which can be 
better studied when increased, the methods of 
radio are employed. It is now common in medical 
schools to amplify the sound of the heart-beat 
both for study and for instruction. In this way 
the human heart can have the sound of its beat 
so amplified as to rival the noise of the boiler 
factory. 

The methods of magnification which have been 
developed in radio are also used in the field of 
television to amplify small changes of light and 
shadow. They are used to control trains auto- 
matically by small current changes in the rads. 
They are used by the passengers on trains to 
telephone while the trains are in motion. The 
signals are broadcast and are picked up by the 
wires which parallel the tracks. 
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There is almost no limit to the uses of radio 
methods. As another example we might cite the 
use of radio to light the flood-lights of an air- 
field through the use of an audible signal from 
an approaching airplane. 

Thus the list grows and is being added to al- 
most daily. There are an enormous number of 
by-products of radio. To find and describe them 
aU in detail would be a task in itself, and no 
doubt more than a single volume would be re- 
quired to do it in. We have benefited in many 
ways not obvious to the radio-broadcast listener. 

And while all this has been going on, radio 
itself has progressed at a tremendous rate. It is 
a long way from the head sets of a few years ago 
to the full-volume, lite-lflce reproduction of to- 
day, which power amplification and improved 
loud-speakers have given us. 

Bivaling the Sun 

The general feeling seems to prevail that we 
have about reached perfection in the science of 
lighting. We have been able to build tiny lamps 
no bigger than a grain of wheat. We have been 
able to make great flood-light® whose candle- 
power is rated in the millions. They have been 
made so bright that they can actually cast a 
shadow against the sun, altho we must remember 
that the sun is some 90,000,000 miles away. Be- 
cause of such achievements we feel that we have 
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come a long Tvay from the days of onr grand> 
fathers "who used a tallow candle, or from the 
times of our own parents who used kerosene 
lamps. In truth we have, and yet our lighting 
is far from what it should he. 

It is true that occasionally there may exist 
a well-lighted place. But such places are the 
exception. Close up all the windows in your 
home so that no light can get in from outside. 
Then, after being out in the sun for a short 
period, come in and turn on the lights. The 
inadequacy of your lighting will be apparent. 
Why do you not improve it? Because of the cost 
and also because of the glare. If you were to 
bring up the intensity to that of out-of-doors 
it would be unpleasant. Thus our present light- 
ing has much room for improvement. The life 
of the bulbs is too short; they convert only an 
insignificant fraction of the energy which goes 
into them into light, and the light is produced 
in too small an area, which necessitates great 
brightness and consequent glare. Our lighting 
is good only as compared to that of our fore- 
fathers. 

Our greatest hope for the future is to be found 
in the glow-type lamps which are now being 
used to a large extent in advertising signs. 
These lamps have the great advantage of pro- 
ducing the illumination over the whole of their 
interior. This reduces the brightness for an 
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equal amount of light, and the glare is dimin- 
ished. It is also true that these lamps more 
nearly approach the ideal cold light. For a given 
amount of energy more light and less heat is 
produced. But thus far they are less efficient 
than the ordinary lamp, because of the large 
electrical leakage due to the high voltage neces- 
sary to operate them. This mil be overcome by 
better methods of insulation. 

Glow-lamps of this type may be made to 
operate without any wiring entering the bulb. 
They will operate through the glass from elec- 
trodes on the outside, or they will operate from 
the changmg magnetic field of a coil of wire sur- 
rounding them. Thus lamps of this type should 
eventually be much cheaper to make than are 
those now in use. They would need merely to be 
placed between two outside contacts, or in a nest 
made from a coil of wire. The lamp itself would 
be as clear as a crystal sphere. There would be 
no filament to burn out, no base to twist off, no 
evaporation of a filament to blacken the bulb. 
None of the things which limit the life of our 
present lamps would be present. 

Recently such a lamp as this, placed on the 
roof of one of the large electrical laboratories, 
gave so much light that a newspaper could be 
read by its aid at a distance of two miles. Why 
are these lamps, then, not in common use ? The 
answer is, principally, that they have an un- 
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satisfactory color. The color depends on the gas 
inside. The amber red lamps, so common in ad- 
vertising signs, contain neon. This gas is chosen 
because the color stands out well. The blue signs 
contain mercury vapor. Other colors are due to 
a mixture of gases or sometimes to the kind of 
glass used. But thus far a color satisfactory foi 
lighting purposes has not been obtained. Per- 
haps eventually someone will find the right 
combination of gases or some other means of 
making such lamps suitable for home use. Then 
we may expect to see them come into general use. 
Because of the red light, given by neon, these 
lamps are coming into use for. signaling, particu- 
larly in aeronautics. The red light has a greater 
fog penetration than equal intensities of white 
light or light of other colors. 

Flood-lighting is another type of illmnination 
that is proving popular. Buildings are flood- 
lighted for advertising or exhibition purposes. 
Private gardens are being flood-lighted with a 
soft glow, with spot lights to pick out any par- 
ticularly beautiful shrub, or group of flowers. 
Flood-lighting of air-fields is particularly well 
developed. The ground can now be flooded with 
light by a single searchlight that will give suffi- 
cient illumination for landing as much as 
thrfc?-quarters of a mile from the lamp. The 
light is ;':pread out into a fan-shape so that none 
of it is Over two feet above the ground. An 
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aviator can fly directly toward such, a lamp 
without being troubled by the glare. 

Better and better lighting is becoming prev- 
. alent everywhere. It has been found in factories 
that good lighting not only protects the eyesight 
and makes happier and steadier workers, but 
likewise greatly increases the quantity and qual- 
ity of their output. Pew manufacturers have to 
be persuaded nowadays to bring their lighting 
up to standard for the sake of the employees. 
They know that they wiU be weU repaid in out- 
put for what may be spent. Nor do the employees 
resent being speeded up in this way. Not only 
are they quite uuaware that they are able to 
work faster, but they would be happy to do so if 
it were pointed out to them. No longer is there 
the knitting of brows over close work and the 
after-hours headache. It is one way in which 
every one benefits. 





VIII 
POWER 
Fuelless Motors 

The public has long since ceased to buy gold 
bricks. It is some time since tbe Brooklyn Bridge 
bas been sold. No one ■wiU consider for a moment 
investing in a perpetual motion machine. But 
men, nevertheless, can stiU be fooled by the very 
same thing under its new name — fuelless motor. 
There is no such thing as a fueUess motor and 
there never -will be, in the proper sense of the 
word. This statement rests on two laws which 
are known as the first and second laws of ther- 
modynamics. The first of these says that energy 
can neither be created nor destroyed, and the 
second one says that you cannot get energy by a 
transfer of heat from a cold to a hotter body. 

If you ask how we know that these laws ai-e 
true, the answer is that no violation of them 
has ever been observed by man. You will un- 
doubtedly admit that you are convinced that a 
stone will never, of its own accord, start rolling 
up hUl. This is because you are familiar with 
stones. Those who are familiar with the laws of 
thermodynamics, through years of association 
with devices depending upon them for opera- 
tion, are just as sure that a perpetual-motion 
CMS] 
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taachine, or in other words a fuelless motor, will 
never be built. 

Perhaps the nearest approximation to free 
energy we shall ever get is in the waterfall. It 
is free in the sense that it flows whether we put 
our turbines there or not. It costs us nothing to 
get the water to the top of the falls, and its 
fall produces power. In the same way winds may 
be said to be sources of free energy. The wind 
blows whether our windmill is there to make use 
of it or not. If we are ever able directly to 
utilize the rays of the sun, we shall have a simi- 
lar condition. 

The only other forces that we have available 
are the ocean tides and waves (which will be 
dealt with separately), the earth’s changing 
magnetic field, atmospheric electricity, tempera- 
ture differences on the earth and in the ocean. 
In the case of changes of the magnetic field of 
the earth we have a factor that is negligible ex- 
cept during the relatively rare period of a mag- 
netic storm. Normally the field changes too 
slowly to produce any power. This has been, 
nevertheless, the source of many claims by 
fraudulent inventors. In the case of the atmos- 
pheric electricity we have also a source of power 
which is negligible. It has been estimated that 
if aU the atmospheric electricity over the State of 
"Wisconsin could be collected it would produce, 
on the average, but twenty kilowatts of power. 
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There is as yet no "way in which it appears 
that we shall ever he able to use atomic energy. 
And yet the stores here are enormous. Dr. 
W. P. G. Swann, in speaking before the Frank- 
lin Institute of Philadelphia, said: “There is 
so much positive and negative electricity in a 
cubic centimeter of matter in the substance of 
the earth, for example, that if aU the positive 
electrons in one cubic centimeter could be col- 
lected at one point and aU the negative electrons 
in that cubic centimeter could be collected at 
another point one centimeter away, the two 
would attract each other with a force equivalent 
to 100,000,000,000,000,000,000 tons.’' Here is 
room for the imagination to have full play. It 
is a source which we cannot as yet feel thor- 
oughly assured is not open to us. The prospects 
for the utilization of atomic forces, however, do 
not look bright. 

Wind-Power 

In estimating the power resources of a coun- 
try, little if any attention is ever given to the 
wind-power available. We are accustomed to 
think only of water-power, coal, and petroleum 
reserves. It is doubtful if a thorough study of 
the wind resources of even so much as a single 
locality has ever been made. And yet we know 
that some localities are regularly affected by 
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strong winds which, if harnessed, would furnish 
considerable power. 

But rather than increasing our use of wind 
as a power-source, we have been tending in the 
other direction. Sailing vessels have aU but dis- 
appeared from our seas. In Holland, the land of 
the windmill, we are told that electric motors 
are being installed in their place. Recently a 
rotor-ship, using the power from the wind in a 
novel way, was admitted lo be a failure after 
many tests. The wind as a source of power has 
fallen to a negligible use. 

And yet we aU know that a sheet of canvas 
on a boat, with even a moderate breeze, will 
do the work of a two or three horse-power motor. 
We know that the farmer uses the windmill to 
pump water for his animals. This is a heavy 
duty. Where, then, is the trouble ? The answer is 
in the lack of dependability. The necessity is 
for an engine which is not dependent on the 
whims of the weather. It causes too many delays 
and too much loss of man-time, which is ex- 
pensive. 

In the ease of pumping water the windmill 
does weU enough, for it can fill a tank that will 
last over a calm. This is what is needed if we 
are to use a -windmill for power, a system 
whereby power can be stored to be used when 
there is no -wind. This could be effected by im- 
pounding water on a hillside, where the contour 
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of the land made it possible, or by acenmnlating 
electricity in storage batteries. This latter sys- 
tem is no different from that in use on hundreds 
of farms to store the energy from a gasoline 
engine for farm lighting. Recently the Air 
Service has adopted a similar scheme for the 
purpose of operating signal Lights in out-of-the- 
way mountain regions. The whole device func- 
tions automatically. Whenever there is a suit- 
able wind the batteries are charged by the wind- 
mill through a generator, and at night the beacon 
lights are turned on automatically. These lights 
will function without attention for sis months 
at a time. The only occasion for visiting them 
at these intervals is to put more water in the 
storage battery. It is even conceivable that this 
will also be made unnecessary, the water being 
provided by rain and allowed to run into the 
batteries under the control of a float. 

At the present time there appears to be a 
possibility of improving the efficiency of wind- 
mills by borrowing from the researches in aero- 
nautics. It would seem that there might be 
obtained valuable information on the most effec- 
tive shape for the blades as well as the angles 
at which they should be held. Also there is no 
doubt that if we abandoned the idea of directly 
coupling the wind-power to the machine to be 
driven, the windmill could be mere advanta- 
geously located than at present, perhaps on a 
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hill-top, and the power brought to a point where 
needed, electrically. 

There is no doubt that here is an enormous 
energy reservoir which is going to waste prin- 
cipally because of its lack of reliability. When 
some convenient and cheap method is devised to 
compensate for this, the wind, as a source of 
power, will doubtless come back into favor. 

Harnessing the Ocean 

Harnessing tides is an ambitious project ; and 
thus far it has not been done. That it will be 
done in the near future, at least in one case, 
seems certain. In Passamaquoddy Bay there is a 
rise and fall of the tide over a range of about 
twenty-eight feet. The bay, which lies between 
the province of New Brunswick, Canada, and 
the State of Maine in the United States, h^s 
across it a row of islands and shoals. It is 
planned to build a dam across this, which would 
impound the water at high tide and release it 
later through suitable gates for the generation 
of power. The cost of developing this project to 
produce between 400,000 and 500,000 horse- 
power is estimated at $50,000,000 to $75,000,000. 
It is thought that eventually as much as 800,000 
horse-power could be developed. 

In this instance there exists a particularly 
favorable set of circumstances. Not only is the 
tide high, but the district is such that uses for 
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this power coiild be easily developed. The forma- 
tion of the bay is likewise favorable. There are 
many other places where the tide is favorable, 
but something else is usually lacking. Thus at 
Anchorage, Alaska, the tide is higher than at 
Passamaqnoddy Bay, but no market for the 
power could be obtained there. 

As one sees the rise and fall of a ship with the 
changing tides one cannot but be impressed with 
the immense power at work. The difSculty in 
utilizing this power is one of storage. If we re- 
quired power only as the tide went out, all 
would be well, but when power is needed at all 
times and can be generated only with the fall of 
the tide, a storage system is essential. At Pas- 
samaquoddy Bay this can be taken care of by 
impoimding the water, but not everywhere is the 
land formation favorable to this. Other systems 
of storage have been found uneconomical. 

In addition to the tides it has been suggested 
that the battering action of the ocean’s waves 
be harnessed. Commander Lybrandt Smith of 
the United States Navy has invented a system 
whereby each wave enters a funnel and by its 
battering action forces some of the water up 
into a pipe at the funnel-end. It is prevented 
from returning by suitable valves. In this way 
water is raised to a higher level and the energy 
due to its faU utilized. 

When not all of our natural waterfalls have 
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as yet been developed, and when the cost o? 
power-development by natural falls is approxi- 
mately the same as generation by coal, Com- 
mander Smith’s suggestion would hardly seem 
practical. Added to the usual costs there would 
be the cost of the installation to raise the water. 

In the same way the suggestion of use of the 
ocean’s currents is not feasible. These are no 
swifter than our inland streams, and the power 
which could be obtained from their flow would 
be negligible. 

An interesting scheme, which appears to have 
some promise of practicability, is that of the 
French scientist and inventor, Georges Claude. 
M. Claude proposes to use the difference between 
the temperatures of the ocean surface and the 
ocean depths. The temperature at a depth of 
3000 feet is thirty-five or forty degrees lower 
than that at the surface. For more than a year 
M. Claude has had a small experimental plant 
operating on the J\Ieuse River at a point where 
the temperature difference between the top and 
bottom is about forty-six degrees. Water at the 
lower temperature is pxunped through a pipe in- 
sulated against heat. He estimates that the rise 
in temperature of the water brought up from 
below will be about one degree because of heat- 
leakage through the pipe. 

Recently the plant on the Meuse, which gen- 
erates fifty kilowatts of energy, has been moved 
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and is to be set np sisty-two miles east of 
Havana. Here a long corrugated metal pipe will 
run out to sea and to the ocean’s bottom. It is 
felt tbat this is a nearly ideal place to try out 
the experiment, as the system lends itself pri- 
marily to the generation of power in the tropics 
and especially on the tropical islands out at sea. 
If this station proves successful, M. Claude 
visualizes, first, a series of such power stations to 
generate about 15,000 horse-power each, and ulti- 
mately, stations of as much as 150,000 horse, 
power. 

Eeai from Cold 

Somewhat similar, and yet half as far apart 
as the poles, is the suggestion of Dr. H. Barjot 
as compared to that of M. Claude. Instead of 
utilizing temperature differences of the ocean. 
Dr. Barjot proposes to utilize the temperature 
difference between the atmosphere and water 
protected by a surface of ice. Thus while M. 
Claude’s plan is adapted to the tropics, that of 
Dr. Barjot is suited to the arctic regions. 

Ordinarily we use coal to produce steam, and 
cold water to condense the steam, which is used 
over again. According to Dr. Barjot ’s plan we 
would use the heat of the water under the ice to 
vaporize a substance, such as a hydrocarbon, 
and this would be condensed by frozen brine. 
Some material such as propane, butane, or petro- 

C1533 



OUTLINE OP SCIENCE 

Tuscany, Italy. Here there is a valley -wHch 
seeps ■with hot springs and steam coming from 
the ground. About t'wenty years ago Prince 
Ginori Couti conceived the idea of utilizing this 
steam as a direct source of po-wer. He piped it 
into the cylinder of an engine -which he suc- 
ceeded in running, and -which has been in -use 
ever since. 

A fe-w years ago Mr. J. D. Grant, -who kne-w 
nothing of the Italian venture, took a lease on a 
piece of property in California, strikingly simi- 
lar to that in Italy, and began to develop steam 
■wells for power purposes. Had he been familiar 
■with the Italian ease he would doubtless have 
been discouraged, for the temperatures and pres- 
sures at the ground-level were less in the Cali- 
fornia area than in Tuscany. 

Mr. Grant developed one of these weUs by 
boring in a manner somewhat similar to that 
used in oil-well construction, and as the tempera- 
ture and pressures of the steam increased -with 
depth he was able to develop a steam well which 
operated a small ttubine and supplied a neigh- 
boring hotel with light and power. Using the 
power available from the first well, he has sub- 
sequently drilled five others, which vary in depth 
from 500 to 650 feet. The temperature in these 
wells, when they are closed, has been found to 
vary from 290 to 374 degrees Fahrenheit. As 
this is considerably above the boilmg point, we 
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have a superheated steam. This is a great ad- 
vantage in poorer generation. The pressure in 
the wells was found to vary from 60 pounds per 
square inch to 275 pounds per square inch. The 
output of steam is from 1,500 to 52,000 pounds 
per hour. There seems to be no diminution of the 
capacity of these wells to produce power over 
the time they have been in existence. 

While wells of this type are not at aU likely 
to become an important sonree of power, they 
offer an opportunity for interesting speculation. 
Mr. E. T. Allen, who has investigated these wells 
under the auspices of the Carnegie Institution, 
writes : 

The existence of such an underground reser- 
voir supplying amounts of steam of this magni- 
tude is not only at variance with the known facts 
of geology; it is also opposed to the semi-arid 
climate of the region and its scanty store of 
ground water. The steam must take its rise in 
a deep-seated source, since its pressure and tem- 
perature and the magnitude of the flow increase 
with the depth of the well. It may be said that 
the evidence shows that the steam originates in 
a great mass of molten or partially fluid rock, 
similar to molten lava in its properties, buried 
at an unknown depth in the crust of the earth. 
One reason for this conclusion is that all types 
of igneous rock, when heated to redness, give out 
large volumes of steam that is always associated 
with small amounts of gases as natural as steam 
is. 
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Thus, whether these wells ever become of com- 
mercial significance or not, they have at least 
added to our knowledge of geology. Perhaps it 
win be the inspiration from them which will 
eventually cause someone to risk the fabulous 
sums necessary to reach commercially valuable 
temperatures by straight boring — if we do not 
in the meantime reach these temperatures 
through our oil wells, which are of ever-increas- 
ing depth. The center of the earth may be our 
idtimate great power source. 

Rockets for Motive Poiver 

The use of rockets for motive power has long 
been scorned. And there are those who, in spite 
of the recent decided successes, still treat the 
subject of rocket propulsions lightly. In fact, 
they do not admit that the recent experiments 
with rockets were successes, but ratlier feel that 
they have proved the impracticability uf rockets 
for propulsive purposes. 

The experiments with the automobile Icnown 
as the Opel, not long ago, which finally led to 
the complete demolition of the vehicle by explo- 
sion, are not taken seriously. The use of the 
rocket sled on Lake Starnberg by Max Valier, 
however, led to considerable success. He reached 
speeds with this sled of approximately 249 miles 
an hour ; and yet his work received scant notice. 
The sled did its work so easily that there was 
[ 158 : 



POWER 


apparently notnmg spectacular to report. The 
rocket which was sent off by Prof. Albert li!. 
Goodard in the summer of 1929 was considered 
by many as a great joke, a complete dud. 
Nevertheless, it apparently did exactly what 
Prof. Goddard expected it to do. It careened 
through the air with great noise and landed a 
quarter of a mile away. It was neither a failiire 
nor the climax of many years of experiment. He 
was trying out a new liquid explosive and no 
doubt gained considei’able information from this 
experiment. More recently we have learned of a 
successful flight over a short distance, in Ger- 
many, by a rocket-driven airplane. 

Whatever the critics of this mode of propul- 
sion may say, the fact remains that rockets actu- 
ally have driven various kinds of vehicles over 
short distances. And it should be kept in mind 
that not only is the mode of operation at the 
present time crude in its development but that 
also it has been applied to vehicles designed for 
other tjrpes of power plant. We have as yet not 
even begun to change the design to suit the 
power used. The critics should also take time to 
recall that there are still many of their kind 
living who said that an airplane was an im- 
possibility. They now must listen to the drone of 
the motors of airplanes daily. And it should be 
remembered, too, that their criticism was much 
more justified than is that of the rocket critics. 
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Tlie airplane was something much newer and 
more revolutionary than is the rocket. 

If we look back into history we find that 
Hero of Alexandria is said to have invented an 
engine on the rocket principle, 2000 years ago. 
This was simply a large metal sphere with two 
bent spouts. The sphere was arranged so that 
it could rotate. "When water in the sphere was 
boiled the steam escaping from the nozzles 
caused the sphere to be set in motion. No less 
a person than Sir Isaac Newton invented a 
steam engine which w'as to move by the reaction 
of steam shooting from ah exhaust in the rear. 
And, as a matter of fact, this is exactly the idea 
used in our steam turbines to-day. The rotor 
moves because of the reaction of steam against 
blades. 

One of the great advantages of the rocket is 
that it does not require a material medium in 
order to move. A ship moves because of the re-- 
action of its propeller against the water. In the 
same way an airplane pushes against the air. 
But in the case of the rocket the motion is the 
direct reaction against the gases expelled. Thus 
a rocket will move through space completely de- 
void of aU matter. Because of this fact, those 
who would visit the moon or other planets have 
always based their hopes upon it, and it is this 
which has given the rocket a bad start. Those 
who work with it are usually looked upon as 
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visionaries bent npon some interstellar voyage. 
This has kept many serious people, wbo did not 
viisb to lose their friends, out of the field. 

Whether we reach the moon or not, it is true 
that we should be able to reach much higher 
points in our atmosphere, by the use of such 
rocket-propelled airships, than we have hereto- 
fore. The height which a dirigible can reach is 
very limited because of the decrease in lifting 
power as the atmosphere becomes more rare. 
The height which an airplane can reach is lim- 
ited by the lessening efficiency of the propeller 
against the thin atmosphere, by the loss of buoy- 
ancy, and by the freezing up of engine parts at 
the high, cold altitudes. As the rocket goes higher 
it has the tremendous advantage that the air 
resistance is reduced without loss of power. At 
great heights in the atmosphere it should be 
theoretically possible to travel by rockets at 
enormous speeds with very little expenditure of 
power. 

We may confidently expect to see considerable 
advance in the use of rockets in the near future. 
The one thing which acts as a detriment to their 
use at the present time is the lack of methods 
of controlling the combustion. When this is 
solved, the rocket as a motive power has a clear 
road ahead. 
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Diesel Engines 

In 1921 only 330 Diesel engines were bnilt 
in the United States. By 1925 the number built 
in a year had reached 4101. "What it will be 
for 1930 or 1940 no one can tell, but it is safe 
to say that it will be many times this figure. 
The Diesel engine is gaining ground at a tre- 
mendous rate, and the number of uses to which 
it is being put is also on the increase. Mr. 
Julius Kuttner, oil-engine expert, writes: 

Some of the output finds its way into the 
pumping stations of oil transport lines, while 
the remainder is applied to industrial uses too 
numerous to mention and to the propulsion of 
boats and ships. There are now thirty-five Diesel- 
engine-driven railroad locomotives in the United 
States, and one airplane. The one-hundred-pas- 
senger British airship R-lOO will be propelled 
by five Diesel engines. More ships are now being 
built with Diesel engines to propel them than 
vessels with steam power. 

What is the cause of this rapid rise in the use 
of Diesel engines? The answer is in their effi- 
ciency. Using the highest compression possible 
in the gasoline engine, the efficiency has not been 
raised much above twenty-five per cent. This 
means using the highest-grade fuel and having 
the entire engine operating under the most 
favorable conditions. Steam engines do not ex- 
ceed twenty per cent, efficiency and usually run 
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somewhat below this. Diesel engines regularly 
attain an efficiency of thirty per cent, using only 
low-grade furnace oil. That is the secret of their 
popularity. 

This high efficiency is due to the method of 
applying the fuel. The oil is not mixed with 
air before going into the cylinders, as in the 
gasoline engine. The air is injected into the 
cylinder free from fuel, and is there compressed 
to about eight times the pressure used in gaso- 
line engines. Then the fuel is injected and is 
burned because of the high temperature to which 
the air has been raised by compression. In such 
a system there is no danger of preignition, from 
the high temperature of compression, with the 
consequent knocking, which takes place in the 
gasoline engines. It is because of this that the 
high pressures and consequent efficiencies are 
possible. Also it is to be noticed that the elec- 
trical ignition system is completely done away 
with. This avoids any possible failure from that 
source and adds greatly to the reliability of 
operation. 

In the past much effort has been directed 
toward making these engines in sizes small 
enough for truck operation. Because of the neces- 
sity for outside-pressure apparatus, and because 
of the weight per horse-power needed' where such 
high compressions are used, they have been too 
heavy for trucks. Now, however, we have Diesel- 
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driven airplanes. The Diesel nsed in this case 
weighs less than three pounds per horse-power. 
The reduction has been accomplished by firing 
the charge nearly on dead center. In this respect 
the design flies in the face of previous engineer- 
ing opinion ; for it was thought that the weight 
Avould have to be greatly increased to take care 
of the tremendous strain which would result 
from so firing the charge. This has not been the 
case. Thus we have the first flying Diesel. The 
advantage of such an engine is decided. It gives 
a twenty per cent, increase in flying range, 
abolishes all ignition dangers due to the failure 
of the electrical system, removes the fire hazard 
of the gasoline, and ends electrical interference 
with radio signals. 

There is a possibility that eventually the 
Diesel wfll completely replace our present gaso- 
line engines and most of our small steam plants. 

The Trend in Railroad Locomotives 

Perhaps the casual observer would say that 
there have been but few changes in railroad 
engines since he was a boy. Possibly they are 
bigger to-day, but that is about all that he sees. 
As a matter of fact, there have been such great 
changes in locomotives in the last ten j^ears that 
any engine older than this must be considered 
obsolete. 

The railroads, with a fixed price set on their 
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services and tlie cost of labor and materials ad' 
vanced, must operate economically. No longer 
can an engine be gradually sboved from one type 
of service to another, finally reaching the branch 
lines of the road as its age increases. To make 
a profit on the branch line it is now necessary 
to use an engine designed for its own particu- 
lar work; each one is a tailored job.. It will be 
efficient on one particular job, but may be far 
from efficient on others. This accounts for the 
enormous expenditures that are being made by 
the railroads for locomotives. One road bought 
fifty new engines in a single year, to be used 
entirely to draw its fast passenger trams. These 
cost about $90,000 each, or a total of nearly 
$5,000,000. They maintain the schedules with 
greater speed and economy. The old engines 
were doing the job, but the decreased cost of 
operation of the new ones is apparently grea^ 
enough to offset the original expense, 

In 1905 the heaviest engine purchased 
weighed 355,000 pounds and had a traction of 
71,600 pounds. In 1915 these figures were 
485,000 and 103,000 pounds respectively. By 
1925 the weight had increased to 594,940 pounds 
and the tractive power to 127,500 pounds. This 
means more than is evident on the face of it. 
There is not only the question of increased efS- 
eiency of the engine to be considered, but the 
railroad engineer must ask himself many other 
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questions. Will our present rails and road-bed 
carry this engine? What will it do to the cost 
of the upkeep of the road-bed ? Will it be neces- 
sary to strengthen our bridges, to increase the 
clearance of our tunnels, to lengthen our turn- 
tables? There are all. these and many similar 
questions to be gone into. 

The process, then, is somewhat like this : The 
locomotive builder is asked to draw up pre- 
liminary plans for an engine of a certain weight 
and power, to be used in a class of service for 
which it is evident that an engine of that type 
would be efficient. When these plans are in hand, 
the entire road must be gone over to find what 
new problems this engine will introduce. If it 
appears that they can be made at a reasonable 
cost, then the plans for the engine are worked 
out in greater detail by a joint committee of 
engineers representing the railroad and the 
builder. Every operating feature of the engine 
will be Imown before it is built, and its total 
weight will also be accurately determined. While 
it is being built the necessary changes on the 
railroad are being made. 

The future of the railroad also must be con- 
sidered — the possibilities of future electrifica- 
tion, the possibilities of elimination of grades, 
the possibilities of relocating part of the line. 
Every precaution must be taken to guard against 
the possibility of the engine becoming obsolete 
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because of changes in the road itself or because 
of changes in competing lines. These are the 
things which guide the evolution of the loco- 
motive. 


Our Power Resources 

It is estimated that only four per cent, of the 
power used in the United States comes from 
water-power, that the soil yields sis per cent, in 
firewood and three per cent, in power from farm 
animals. This accounts, altogether, for thirteen 
per cent, of the power used. Neglecting minor 
sources of power, such as the wind, this means 
that the other eighty-seven per cent, must come 
from the consumption of irreplaceable natural 
resources, coal and oil. 

For many years past we have heard a cry of 
diminishing oil resources. Mr. Thomas Eeid, 
writing in Mining and Metalhirgy, said: “As 
long as I can remember I have been hearing that 
our petroleum resources were in imminent dan- 
ger of speedy exhaustion, and yet the yearly out- 
put is now of the same order of magnitude as the 
total resources were once estimated, with the 
cry of overproduction the loudest it has ever 
been. Tapping ever progressively deeper and 
deeper sources of supply has produced this re- 
sult.” To this factor must also be added the new 
methods of prospecting by sound, radio, etc. 

But of course, you say, this cannot go onj 
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there must he a depth beyond which we shall 
find it impossible to drill. Discounting the possi- 
bility of finding commercial temperatures at 
these depths — that is, of obtaining power direct 
from the heat of the earth — we still have little 
cause for worry. We have already found a 
method of getting gasoline from our coal mines 
through the hydrogenation of coal. It is gener- 
ally agreed that our coal resources will last us 
for centuries hence. By that time we may have 
devised a method of getting energy direct from 
the sun. Future generations may laugh at our 
laborious method of digging coal out of the 
ground and transporting it for miles, when 
clean sunshine is right at our doors, if we but 
knew how to use it. 

Plants are another source of fuel, which must 
not be overlooked. We may be able to grow a 
new crop of fuel for engines each year, just as 
we used to grow a new crop of fuel for animal 
power. Alcohol can be made from any plants by 
fermentation, and internal-combustion engine.s 
to burn alcohol ' have been available for some 
time. At present there is little incentive to use 
such engines because of the higher cost of the 
fuel required for them. In some of the sugar- 
raising coimtries, however, where quantities of 
molasses are available from which alcohol can be 
readily made, one notes a definite attempt to en- 
courage the use of this fuel through import taxes 
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on gasoline and on gasoline-burning motors. 
This may lead to great improvements in alcohol 
engines. 

The introduction of the Diesel engine, which 
can use a much greater proportion of the fuel 
taken from oil wells, will also tend to prolong 
the life of our petroleum resources. Not only 
will the Diesel operate on low-grade fuel, but at 
the same time its efficiency is considerably above 
that of the gasoline motor. 

With the improved methods of pumping oil 
many old wells are again producing as heavily 
as they did in the so-called golden days. 

All these things are working in our favor, and 
while, for the sake of decreased cost to ourselves, 
it is desirable to use these natural products with 
aU possible efficiency, it does not seem that their 
conservation for future generations is at aU 
necessary. The wants of the future generations, 
indeed, are quite obscure to us. If we denied 
ourselves the use of natural resources for their 
sake, we should be like the miser who ate only 
rotten apples all his life, refusing to use one 
that might keep for another day. 



IX 

PUTTING WAVES TO WORK 

Secret Signaling 

A FAVORITE use of light waves has been for 
secret signaling. For this purpose we have at 
liand a great variety of radiations, starting with 
radio and going on down to the short waves of 
the s-raj^. Most of these radiations, however, are 
wholly unsuited for secret communication. The 
radio olfers little privacy, and radiation in the 
ultra-violet, and on down to the x-radiation, is 
too • readily absorbed by the air to be of any 
service. This limits us to the visible and to the 
infra-red. Of these two possibilities the latter has 
been a great favorite, since besides the quality of 
invisibility it has the additional advantage of 
passing very readily through fogs. The question 
then becomes one of detection. Since it has a con- 
siderable heat effect, this has been used as a 
means of detection. Instruments can he made so 
sensitive as to be used to measure the heat from 
the most distant stars. In signaling they are of 
little use, howeA^er, as it is the changes which 
must be measured, and these occur too rapidly 
in useful signaling for such devices to folloiv. 
The most useful thing so far found has been the 
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red-sensitive crystal. Molybdenite is one of these 
It has the characteristic of producing an elec- 
trical current when the rays strike it. The chief 
difSeulty is that the crystals become fatigued on 
exposure, their sensitivity rapidly falling off be- 
yond the point of usefulness. 

In the end we are driven back to the use of 
visible rays for the purpose of secret signaling. 
We find that the best method is to use a light 
beam in which changes can be made which 
those not properly equipped cannot detect. Thus 
one method is to use a bright light and send our 
signals by placing before it, at the proper code 
intervals, a thin gelatin film of the type used 
to filter out the red in photography. This pro- 
duces a change of intensity so slight that it can- 
not be detected with the naked eye. If, however, 
one is supplied with a deep-blue filter, prin- 
cipally transparent to the violet, and views the 
light through this, interposition of the red filter 
produces near darkness and the signals can be 
read with ease. Since the number of possible 
filter combinations is very large, one has a fair 
chance to escape detection by even the most per- 
sistent inquisitor. 

Polarized light has also been used in signaling. 
Normally light is thought of as vibrating in all 
planes at right angles to the direction of the 
beam. The directions of vibrations might be 
likened to the directions indicated by the bits 
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of tinsel on a string of Christmas tinsel, the 
length of the tinsel representing the direction of 
the light ray. If Tve were to take an iron and 
press this tinsel flat, that would represent one 
kind of polarized light. It would he plane polar- 
ized. It is possible also to produce circularly or 
elliptically polarized light. Detection of changes 
in polarization depend upon knowing what 
changes to expect and being provided with suit- 
able apparatus to detect them. This then be- 
comes a method of secret signaling. 

Another method is found in the use of very 
restricted beams. Such beams can best be pro- 
duced by placing a small lamp, such as a flash- 
light, at tlie focus of a telescope, and burning 
it at overvoltage to produce great brightness. 
A large lamp is undesirable, as ordy a small part 
of the filament can be at the focus in any case, 
and the rest may give light that spreads. When 
properly arranged, a beam only a few feet wide, 
will be produced even at a distance of many 
miles. Unless an individual is directly in the 
beam he can see nothing. In use the sender, 
looking through the telescope, focuses it on some 
predetermined object, such as a particular pane 
in a window. The individual at the receiving 
ends looks for it at that spot. All is then in readi- 
ness to send a r-ode message by interposing a 
screen. 
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Colored Motion Pictures 

Color photography dates hack to 1861. It vras 
at that date that Clerk Maxwell first exhibited a 
colored picture before the Royal Institution. 
His method was based upon the fact that white 
light can be split up into three primary colors 
— green, blue, and red. When these are com- 
bined, white light is produced. Maxwell took 
three pictures of the same object, one through 
a filter of green liquid, another through a red, 
and a thir d through a blue filter. He projected 
aU three of these, superimposed, upon a screen. 
The result was a picture colored approximately 
like the original. This is difScult to accomplish 
with any fidelity, because of the difference io 
sensitivity of the photographic plates to different 
colors. It required exposures of different lengths. 
At present, however, plates are made which are 
of nearly equal sensitivity throughout the spec- 
trum, and cameras have been made which expose 
the three plates at one time. Motion pictures 
using this plan require that three films be used 
and be projected synchronously. This is so diffi- 
cult of accomplishment that a compromise has 
been made and but two colors used. In this case 
they may be put on the opposite sides of the 
same film. 

The first advance on this was to combine the 
three plates into one by placing before the plate 
ni733 
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used a colored filter ruled "witli the primary 
colors in very fine lines. In projecting, these lines 
had to be in the some position relative to the 
plate as they were when the picture was taken. 
This was difficult to do, as may be imagined. 
The difficulty was overcome in the Lumiere 
process. Here the fine ruling was replaced by 
colored transparent starch-grains which were 
sprinkled over the plate. These remained on the 
plate after development, so that they constituted 
a permanent filter, always in place. 

The Lippman process avoids the use of filters 
altogether, utilising instead the interference of 
light waves. It is theoretically a perfect system, 
but in actual practise is not satisfactory. It sug- 
gests a possibility which might be developed in 
the future, however. In this system the plate 
used is backed by a mirror surface which turns 
the light waves back upon themselves. These, 
since they interfere in such a way as to produce 
standing waves in the emulsion, cause the film 
to be reduced in layers upon development. When 
viewed at the proper angle, after development, 
these striations filter out all but the color which 
produced them, and we have a colored picture 
similar to the original scene. 

Undoubtedly the most practical system so far 
devised is that which is now employed in ama- 
teur motion-picture systems. This scheme is more 
nearly analogous to the finely ruled filter than 
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to any other. A large filter composed of but three 
large segments of the primary colors is placed 
before the usual motion-picture camera. This 
splits the light from every object before the 
camera into the three colors that make up white 
light. Now, the film on which this light falls is 
ribbed like corduroy, the ribs running the length 
of the film. Each rib constitutes a tiny cylindri- 
cal lens running along the film. When the light 
from the filter reaches these ribs, since each color 
comes from a slightly different direction, it is 
focused in a narrow strip on the emulsion side 
of the film. The emulsion side is opposite the 
corrugated side and is away from the lens. When 
the film is developed there will be a series of 
strips, each of which has been exposed to but one 
color. These strips will be alternately red, green, 
and blue, just as if a colored, ruled filter had 
been placed before the film. Each rib will have 
produced such a series of three strips. 

When the film is projected, the process is the 
reverse to that described. The light retraces the 
path it took on exposure. The same filter is used. 

While the system would appear ideal, it is 
still of little value to the professional. One of 
its greatest drawbacks is that only one copy of 
the picture is produced, the original, whereas a 
producer requires several hundred. Also the in- 
tensity of light produced is so small as to limit 
the projection to a small screen suitable only 
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for amateur use. Perhaps these objections mil 
eventually be overcome and our present colorless 
motion pictures ■whl become extinct almost over- 
night, as has the silent picture. • 

X-rays Notv Work Overtime 

The x-ray has been of so much value in the 
hospital that it is thought of almost entirely 
as a hospital tool. That is where most people 
come in contact with it. But its use is far more 
general than we realize. It has found its way 
into many industrial uses and is constantly push- 
ing the frontier farther back. 

The industrial uses of the x-ray are in general 
very much like its hospital uses — to examine the 
interior of things which it is not possible or 
desirable to dissect. Thus it has come to be used 
for the examination of welded joints, for ex- 
amining castings for blow-holes or inclusions, 
and so on. In such cases it is obvious that the 
x-ray has the advantage over other methods of 
examination in that the object is not destroyed 
or injured in any way. During the war the x-ray 
was used to examine the castings intended for 
shells. The defective castings were thus sorted 
out and much time and labor, which would have 
been used to machine down the defective casting 
to proper dimensions, was thus saved. 

The x-ray has also been used a great deal to 
examine the condition of assembled objects. Dur- 
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ing tlie war, when mueli wood of inferior grade 
had to be nsed in airplane construction, the x-ray 
was nsed to find defective gluing, grub holes, or 
resin pockets. The x-ray has been used to ex- 
amine the condition of wiring inside the elec- 
trically heated jackets worn by aviators, to 
search bales of cotton for contraband at the cus- 
toms ofSces, to determine the location of plxunb- 
ing in the walls of buddings, to examine the 
interior of golf balls, and to test the construction 
of shoes. The list is almost an indefinite one. 
Any ingenious person can think of many things 
which could be advantageously examined in this 
way. He will find that nearly everything up to 
the equivalent of about three inches of steel has 
been so examined, and in many cases this is 
being done as routine inspection. 

In addition to this valuable shadowgraph 
work, the x-ray is being used to study the crystal 
structure of materials. With its aid the engineer 
can look inside the actual structure of metals 
and note their atomic arrangement. He can de- 
cide which atomic arrangement gives the greatest 
strength, greatest hardness, greatest elasticity, 
and so on. Melting-points and magnetic proper- 
ties are also dependent upon the atomic struc- 
ture. These, too, are open to the inspection of 
the trained metallurgist through the use of the 
x-ray. He can, in effect, waUc around inside the 
metal and determine its characteristics just as a 
E. K. IV— 7 
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bridge engineer might examine the construction 
of a bridge. 

Eecently the x-ray has come into use to ex- 
amine into the authenticity of paintings which 
are offered to collectors as works of old masters. 
The pigments used a few centuries ago were 
mostly of mineral origin and therefore opaque ; 
whereas to-day anilin derivatives are largely 
used. These newer paints are much more trans- 
parent to the x-ray than are those formerly 
used. The application of the x-ray to the exam- 
ination of such pictures makes it possible to de- 
cide almost certainly as to the probable date of 
the painting. In this way the ones with fraudu- 
lent pretensions are detected, and on the other 
hand the x-ray has in some cases revealed great 
value beneath an unpromising exterior. The old 
master’s canvas had merely been painted over 
for use a second time. The x-ray has now become 
a permanent part of the equipment of most 
museums. It is invaluable in the examination 
of old treasures which could not otherwise be 
examined without injury. 

Such use of x-rays is comparatively recent. 
X-rays have been so tied up with medical work 
that their other uses seem to have escaped notice, 
tt is a new field filled with interesting possi- 
bilities. 


[1783 



PUTTING WAYES TO WORK 


The Photomicrograph — the Police of the Metals 

In addition to the freqnent use of the x-ray to 
examine the crystal structure of metals, there 
has also come into use the photomicrographie 
method. These two methods are not competitive ; 
they are supplementary, for while the x-ray 
examines a group of perhaps a score of mole- 
cules the photomicrograph takes in the area 
covered by an enormous number. The use of the 
x-ray might be likened to the examination of this 
page, or a single letter on it, with a magnifying 
glass, whereas, in comparison, the use of the 
photomicrograph would correspond to the exam- 
ination of a pile of bricks with the eye. And if 
we use low-powered magnification on our photo- 
micrograph it corre.sponds more nearly to recom 
noitering a territory with an airplane. Thus 
there is a place for each of these methods. 

In examining a piece of metal with the photo- 
micrograph we are merely taking a greatly mag- 
nified picture. The method is to polish off the 
metal very carefully and then etch it with acid. 
When examined microscopically, it reveals nu- 
merous opaque crystalline forms standing out 
from it. The first examination is low-powered 
and gives a general view of that part of the sur- 
face. If, on this, there appears anything that 
looks suspicious, it is examined separately under 
much greater magnification. We have located our 
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pile of bricks, so to speak, from tbe air; we now 
descend to examine them. 

But why should anyone wish to do this? To 
make better metals for our daily use. The prop- 
erties of metals depend almost wholly upon crys- 
tal structure. This can be varied in many ways, 
but particularly by heat treatment. Just what 
this should be is determined by experience. Sup- 
pose we find that a metal is weak. We examine 
it and find a particular crystal structure. It is 
safe to assume that this particular crystal form 
is undesirable, and so we shall try to avoid it. 
Thus we come to know at once the forms which 
are desirable for different purposes. The so- 
called weak metal may be weak in tensile 
strength, but it may stand much bending. Dif- 
ferent properties are associated with different 
crystal structures. 

Iron, by itself, is in general rather weak. It is 
relatively soft, easily bent, and of low tensile 
strength. But put some carbon with it and it 
becomes steel. It is harder and much stronger. 
The same result is accomplished, in a more pro- 
nounced fashion, by putting vanadium in the 
metal. Iron can bo made tougher yet softer, or 
harder and more brittle, by such methods, at 
will. It can also be made stronger without the 
brittleness. Its properties can be made almost 
what we want them to be — within limits. But it 
requires care. If the carbon put in is not well 
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distributed, the effect is lost. If the carbon is in 
a chunk large enough to make up an entire cross- 
section of a piece of metal, it is obvious that the 
metal -would snap off at this point -with the 
slightest strain. The photomicrographic method 
tells us ho-w -well the distribution has been made. 
And, kno-wing the effect on this distribution of 
various kinds of heat-treatment, the product can 
be varied at -will. The manufacturer now keeps a 
constant check on his product by this method. 

A few years ago it was not at all uncommon 
to see an automobile by the side of the road -with 
a broken rear axle. Such a thing is never heard 
of to-day. The manufacturer is no longer guess- 
ing as to the strength of this part of his car. 
He knows that every rear axle he turns out is 
a good rear axle and exactly like all the others 
in strength. He knows this from constant tests, 
tests in which the photomicrograph plays an im- 
portant part. 


Prospecting by Radio 

In no field has the introduction of scientific 
ruethods brought about more of a revolution than 
in that of prospecting. The days of the old- 
fashioned prospector who went along chipping 
off bits of rock here and there in the hope of a 
valuable strike are not only numbered, they are 
actually over. No longer will the hit-and-miss 
method, so «ommon for years, yield 'he results 
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■n-hich modern business demands. The lone pros- 
pector has given "way to tractor-trains and air- 
planes wbicb disturb alike the stillness of the 
north in their quest for metals and the dusty 
plains of the south in the search for more oil. 

The methods Tvhieh are now used in prospect- 
ing are the seismographic, the magnetic, the 
gravitational, and the electric. In the first of 
these, the seismographic, a large charge of dyna- 
mite is buried in the earth and set off. Its effect 
is measured by a seismograph placed at some 
distance away. As the time required to travel 
is an important factor, a modern broadcasting 
method is used to determine this. Sending equip- 
ment is set up near the scene of the explosion, 
and receiving equipment near the seismograph. 
When the explosion occurs the signal is at once 
received at the seismograph end, and the time 
which elapses from then until the sound has 
reached the seismograph through the ground is 
measured. To the experienced this means a great 
deal concerning the nature of the intervening 
ground. So important is this method of pros- 
pecting believed to be that the government has 
set aside a special wave-band for this purpose. 

The magnetic method is useful principally in 
the search for magnetic materials, but as all 
metals have either a greater or a lesser perme- 
abilit5’ than the surrounding earth, much can be 
learned of the substructure of the earth by map- 
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ping the magnetic field of the region. This is 
done by first making a map and then marking 
on it, at many locations, the directions in which 
a magnetic needle points. The marked map, of 
course, requires interpretation by experts. 

The gravitational method requires that we 
actually weigh the earth. An instrument of ex- 
treme sensitivity, called the gravity balance, is 
used for this purpose. A movable part of the 
instrument is attracted by the earth beneath it, 
the degree of attraction depending upon the 
density of the earth’s crust at that point. In- 
clusions of metal thus affect the instrument. So 
sensitive is this device that the presence of a 
person in its vicinity will throw it completely 
off in its measurements. In use it is set up in a 
protecting tent or other shelter, to shield it from 
winds, and is left to make its record photo- 
graphically. Examination of the resulting photo- 
graph can be made at leisure. 

The direct electrical method consists in bury- 
ing in the ground two terminals of a high-poten- 
tial machine, such as an induction coil. These 
are buried at some distance apart. Then, by the 
use of a searching coil, the electrical field at a 
great many points in the vicinity of these buried 
terminals is measured. These intensity measure- 
ments are plotted out on a map of the region 
and points of equal intensity joined with a line. 
The shape and density of these lines on the map 
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determine the nature and location of deposits 
•which maj’- be underground. 

This does not mean that the trained geologist 
no longer has a place in the search for mineral 
deposits. He is as valuable as ever. To find a 
needle in a haystach; one must first locate the 
haystack. Obviously we cannot feel our -way over 
the entire country -with the sensitive methods of 
the geophysical prospector. The geologist must 
point out first the promising places to look. 

Sound Waves and ArchUechtre 

One might expect that the study of sound 
■would date back beyond the study of any other 
physical phenomena. Perhaps it does, and yet 
the satisfactory application of principles kno'wn 
for years has been accomplished only recently. 
"We do not have to stretch our memories much to 
remember the squeaky phonographs on which 
we heard a distorted recording of Caruso. They 
went into the discard scarcely five years ago. 
Now, when we hear one of these in the home of 
some friend who has either become deadened to 
its scratchings or whose musical ear never ex- 
isted, we wonder that we did not toss our old 
machine into the scrap-heap the day after it was 
purchased. The change has been brought about 
by an application of acoustical principles. 

"With tliis change in our graphophones, and in 
our radios, has come also a change in the con- 
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struction of rooms and buildings "where sounds 
are produced for enjojunent. This includes our 
auditoriums, our broadcast studios, our sound- 
picture studios. 

One of the first phenomena to be dealt -with in 
properly constructing an auditorium or studio is 
that of reverberation. If one makes a sudden 
sound in a large vacant room the sound "will be 
found to persist for some seconds. One might 
produce such a soimd by clapping the bands 
sharply or by dropping a plank. The length of 
time which the sound persists is kno"wn as the 
period of reverberation. This period should be 
neither too long nor too short. If it is too long 
the sound of a voice is confused — one syllable 
carries over into the next. The speaker is under- 
stood "vrith difficulty. If the period of reverbera- 
tion is too short, the room is said to be dead. 
There is a hushed sense "which is most unpleas- 
ant. One finds the room depressing; one is in- 
clined to speak in "whispers. 

Investigations have been made to determine 
the most favorable time of reverberation. It is 
found that when a room is intended for music 
the period can be longer than when it is in- 
tended for speech. It is desirable to have some 
of the sound of one note carried over into the 
next. But in speech to have one syllable carried 
over into the next makes both quite impossible 
to imderstand. 
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Recently there have been perfected a numbei 
of sound-absorbing building-materials. "With 
these, whose coefficients of absorption are known, 
it is possible to construct a building whose 
period of reverberation may have any desired 
value. These materials are also useful in block- 
ing off outside noises. 

Sometimes in a very large auditorium echoes 
become a serious problem. Whenever it is possi- 
ble for a sound to travel from the speaker to 
the auditor over two paths, which differ from 
each other in length by seventy-two feet or more, 
the time-lag of the sound over one path, as com- 
pared with the other, is sufficient to cause one 
syllable to arrive via one path at the same time 
that another arrives via the alternative path. 
This is very confusing; but unless the reflected 
sound coming over the longer path is intensi- 
fied by focusing from a curved wall, the difficul- 
ties arising from this cause are not great. Archi- 
tects, however, have so frequently made a prac- 
tise of putting arched domes and curved re- 
cesses into our buildings that many bad echoes 
haunt our auditoriums to-day. Once the fault is 
built in, it is usually a matter of considerable 
difficulty and expense to obtain even a partial 
cure. A complete cure is usually out of the ques- 
tion. With the exercise of a little intelligence it 
is possible for the architects to have their curves 
nnd the audience to enjoy their concerts as well 
p863 
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The reflecting qualities of the walls may he de- 
termined by means of calculation and models 
long before the building is constructed. Yet 
architects do not seem to be completely disgraced 
if they neglect such precautions. At least not at 
present, altho the time is rapidly approaching 
when an acoustical error will be considered as 
inexcusable as a structural one. 

Sounds We Cannot Hear 

Whether or not there can be sounds that one 
cannot hear is perhaps a question for the pys- 
jhologists to consider. That there are waves 
exactly like those which produce the sensation of 
sound in our ears, but of a frequency of vibra- 
tion far beyond the audible, is well known. If 
not being able to detect them with our ears 
means that they cannot rightly be called sound, 
then one can refer to their study as ultrasonics, 
as is often done. This study began with the sink- 
ing of the Titanic. It was suggested that these 
short waves be used to determine the location of 
rocks, icebergs, derelicts, etc. At that time a 
complete method was suggested and worked out 
by the English scientist, Lewis Richardson,- but 
nothing practical came out of it. We lacked sufS- 
eiently powerful means, at that time, for pro- 
ducing the ultrasonic waves. Such means, how- 
ever, have recently become available with the 
radio. The soundless waves can be produced by 
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electrostatic transmitters, by electrodynamie 
oscillators, or by the use of piezo-electric crys- 
tals. These crystals have the unusual property 
of changing their dimensions whenever a voltage 
is placed across them. Bj’' the use of an oscillator, 
similar to that used in broadcasting, the voltage 
across such a crystal can be changed as much as 
100,000 or even 500,000 times a second. By ex- 
panding and contracting, in synchronism with 
these changes, the crystal produces the ultra- 
sonic vibrations. This method is the one most 
generally used. 

When beams of these short waves are pro- 
jected to the bottom of the ocean they return 
almost as if the ocean bottom were a perfect 
reflector. Since their speed tmder water is known, 
the length of time for them to reach the bottom 
and return, gives us a measure of the distance 
traveled. Hence the depth of the water is meas- 
ured. One may well ask how these waves are 
detected on return, since they cannot be heard. 
It is done by heterodyning. In this method one 
produces a second sound which is almost of the 
same frequency as the first. If both enter the ear 
at the same time, one hears a sound which has 
a frequency equal to the difference between the 
two original frequencies. In this Avay they are 
rendered detectable by the ear alone. Such waves 
in tlie sonic depth-finder render useful service 
daily. This method of depth-finding has a great 
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advantage over the usual lead plummet in that 
it can be employed continuously while a vessel is 
in motion. It will also detect the presence of 
icebergs, submarines, and so on. More recent de- 
vices give a constant visible record. 

Ultrasonic waves can also he used for under- 
water signaling by the dot-dash system, or the 
voice may he impressed on these waves much as 
it is impressed on broadcast-carrier waves. Thus 
these waves may be employed as carriers for an 
underwater telephone system. 

A peculiar property of these waves is their 
ability to kill fish and small undersea life. Just 
why they are capable of doing this is not as yet 
well understood, hut the general opinion among 
biologists is that the waves disrupt the cells. As 
these waves have been described as very rapid 
and slight squeezes and tensions in the propagat- 
ing body, this theory seems tenable. Such waves 
will also cause explosive materials to explode, 
and as such materials are exploded by compres- 
sions, it would appear that this view is further 
justified. 

Ultrasonic waves might be of considerable 
service in the field of chemistry. They have great 
ability to fractionate materials and produce 
emulsions. In this way emulsions of mercury and 
of oil in water have been made. Their ability in 
this direction is so great that they will even 
split off particles of glass from the sides of a 
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vessel containing water under which the waves 
are produced. Small particles of glass wiU be 
found floating about in the water. 

If a tapered needle-like glass rod has its end 
dipped in a vessel of oil in which supersonic 
waves exist, the oil will climb up the rod and be 
given off its end as a mist. If one touches the 
end of the rod with the finger the finger will be 
burned. 

An ultrasonic beam can be used under water 
as a guide to ships. Any vessel suitably equipped 
can pick up the beam and follow it safely past 
obstacles. It also enables vessels to communicate 
with shore or with other ships. It is limited in 
its use to straight channels, however. It is in- 
teresting to note that frequent trouble is en- 
countered near shore from the supersonic waves 
produced by the rubbing together of pebbles. 
Computation shows that they should be expected 
to produce these sounds. Another noisy member 
of the ocean’s bottom is the hitherto unsuspected 
clam. It is found that from the supersonic \’iew- 
point he is a very noisy animal indeed. He con- 
stitutes a nuisance in ultrasonic measurements 
near shore. 
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THE CONQUEST OF THE AIR 

Metal Planes, All Wings and Tail 

In spite of all the advance that has been made 
in the last few years, airplanes to-day look very 
much as they did several years ago. They are 
not very different from the planes which the 
Wrights flew at Kitty Hawk more than a quarter 
of a eentnry ago. True, the streamline effect, 
the cross-section of the Avings, and all that, have 
been changed. These are improvements on the 
original model, not deviations from it. 

Airplanes have crossed the Atlantic in both 
directions, they have stayed in the air for weeks 
at a time, they have attained speeds of over 
three hundred miles an hour, they have carried 
as many as 169 passengers at a single load, they 
have been powered with engines sufficiently 
strong to drive them straight up from the 
ground, and yet the fundamental principles of 
airplane design have not varied. They have 
merely been improved upon. The Belgian scien- 
tist, Maurice Boel, who has made an exhaustive 
study of the flights of birds, is of the opinion 
{hat his study can add nothing more than a few 
suggescions to the knowledge of airplane con- 
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stniction. Notliing revolutionary lias come out 
of Ms studies, they have merely pointed the vay 
which minor changes must take. "We have ex- 
celled the bird in almost every branch of flight. 
"We still have something to gain in efficiency, 
but that is about aU. 

Perhaps the greatest change in the appear- 
ance of the planes has been brought about by 
the introduction of the all-metal plane. In the 
early days of flying an aU-metal plane would 
have been considered a madman’s dream; not 
only because of the weight, but also because of 
the corrosion, ivhich in itself would be enough — 
it would have been thought at that time — to 
make such a project ridiculous. Those better ac- 
quainted with the behavior of metals would also 
have thought of cxystallization and the resultant 
cracking due to the vibration. There were many 
reasons why metal could not be used and ap- 
parently none in its favor. But we have the all- 
metal plane, and it promises to be the plane of 
the future. This is because of the introduction 
of new corrosion-resisting, vibration-resisting, 
lighter-than-aluminiun metals, the latest thing in 
alloys. The introduction of metal has greatly 
simplified design. It means less bracing. 

Simplicity of appearance is also being accom- 
plished by drawing the engines into the wings. 
This cuts down the ^ving resistance and adds 
greatly to the efficiency. Our largest multi- 
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motored planes are all being built in this fasliion 
to-day. There is even a tendency to get rid of the 
fusilage entirely and to produce planes that are 
all wings and tail. At least one large passenger 
plane, now under construction, is being built in 
this way. The fusilage is wing-shaped and adds 
its share to the lifting power of the plane. The 
passengers will be, in reality, inside a wing. 

Another change in design is the introduction 
of the so-called slotted wing. The slot is a safety 
device intended to give the plane greater stabil- 
ity, and it has proved of great value. The draw- 
back to this device is that, as might he expected, 
it takes some of the control out of the hands of 
the pilot. The experienced pilot does not like 
this; he prefers to rely on his own ability to 
handle the plane. Thus the introduction of the 
slotted wing has been somewhat hampered. 

Speeding Up the Take-Off 

The major problem confronting the designers 
of airplanes to-day is that of reducing the space 
necessary for taking off and landing. For trans- 
port planes, heavily loaded, even our best air- 
ports to-day are none too large, and in the case 
of a forced landing it is next to impossible to 
find a space which will accommodate these 
machines. To reduce this space a quicker take-off 
and a lowered landing speed are needed. 

The’ introduction of wheel brakes has helped 

posj 



outline of science 

a great deal in. both these directions. In the past 
designers have relied npon the tail-skid to bring 
their planes to a stop. This sldd dragged on the 
ground at the take-off and prevented a rapid 
rise. The introduction of Tvheel brakes made it 
possible to hold the plane stationary until the 
engine was up to full speed. The brakes also 
made it possible to replace the skid with a 
wheel and so to cut down the space necessary 
for a take-off. This was obviously a great ad- 
vantage. 

Another step in the direction of quicker take- 
off and lower landing speeds has been the intro- 
duction of the so-called autogyroplane. This has 
a four-bladed fan of large dimensions mounted 
on a vertical shaft above the plane. The lift of 
the blades helps get the plane off the ground 
more quickly and enables it to come to rest at 
very slow speeds and consequently in a short 
distance. Such a plane remained stationary over 
Paris for a period of twenty minutes during 
tests. It is also true that the rotation of the 
windmill, as it is sometimes called, adds greatly 
to the stability, of the plane. It is claimed that 
the stability is so great that it can be safely 
operated by a wholly inexperienced person. 

Tests on the autogjwo have sho^vn that its effi- 
ciency is somewhat less than that of the average 
plane in use to-day. This has militated against 
its general acceptance. It is felt that the advan- 
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tages can be gained in other ways without the 
sacrifice of efficiency. One of the schemes which, 
according to the designers, is now in the experi- 
mental stage, is the use of auxiliary vertically- 
mounted engines which will drive the usual type 
of propeller during the landing and take-off. 
This, in effect, would be borrowing from the 
autogyro its scheme for take-off and landing, 
but dispensing for the present with the stabiliz- 
ing effect during flight. This seems like a sensi- 
ble procedure. It is generally known that little 
of the danger of fljdng occurs during the actual 
flight. Most of the accidents are on the take-off 
or on the landing, the latter period accounting 
for most of them. 

In order to gain greater speed at the take-off 
— to shorten the distance needed before rising — 
the use of rockets is now being tried out. A bat- 
tery of rockets would give a plane startling 
acceleration. A set of rockets held in reserve is 
also suggested for the purpose of clearing ob- 
structions which might suddenly appear when , 
flying through a fog. This idea, which has as yet 
hardly been tried (a single short flight with 
rockets has been made), promises to be the next 
step in the quest for a quick take-off. 

Attempts are being made to lighten the land- 
ing gear. If this can be done it will become the 
practice on all planes to pull the landing gear up 
into the body of the plane during flight. This 
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would, in general, increase the speed on fast 
planes as much as fifty miles an hour. At the 
present time most landing gears are too heavy to 
he pulled up b3^ any simple mechanical means. 
Shock absorbers are now regularly added to the 
landing gear for greater comfort on landing. 

■ Airplane Engines 

Wind resistance is being cut down in every 
possible way in the newer planes. One of the 
most recent innovations to contribute to this end 
has been the introduction of chemical cooling. 
A substance much more effective than water for 
engine-cooling has been developed, which will 
make it possible not only to reduce greatly the 
size of airplane radiators, but also to put the 
engine’s cylinders in a straight line. At present, 
in the case of air-cooling, it is necessary to expose 
all the ej’linders to the direct wind created by 
the plane in order to get sufficient cooling. It 
has not been found possible, by any other means, 
to get enough circulation around the cooling- 
fins of the cylinders. The same has been true of 
water-cooled engines. To put the cylinders in line 
would require a water-circulation over distances 
which have not been found practical. The new 
liquid will make cylinders in line possible. This 
wiU mean that we can stream-line the engine 
and so greatly cut down the head resistance here 
as well as in the reduced radiator size 
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The introduction of the flying Diesel engine 
marks one of the most interesting and probably 
the most important advances in engine design 
in many years. Burning oil instead of gasoline 
adds to the safety of air travel immeasurably. 
Not only will it make fire almost a negligible fac- 
tor while flying, but it will also elinmiate the 
dangers of fire and explosion in the event of a 
crash. Crashes have snuffed out many lives that 
might have been saved but for the presence of 
gasoline. And because of the greater efficiency 
of the Diesel engine, the same supply of fuel in 
gallons will give twenty per cent, greater cruis- 
ing range to the airplane. The ignition system is 
dispensed with in the Diesel, the ignition taking 
place in the cylinders, owing to the high tem- 
perature of compression. The compression is 
about eight times that of the gasoliae engine 
This removes a source of possible engine failure 
and at the same time eliminates a source of inter- 
ference with radio signals. 

Engines are constantly being made with 
greater and greater power. Not many years ago 
150 to 200 horse-power engines were the rule. 
To-day they run 400 to 500 horse-power, com- 
monly. Engines of as much as 1,000 horse-power 
have been used in racing planes, and it is freely 
predicted that engines of 1,200 horse-power will 
soon be in use. Even with such large engines, 
because of the increasing size of the planes, 
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multimotored planes are becoming tbe rule. The 
increased safety of the multimotored plane is 
also a factor which is driving ns to this method 
of propulsion. 

One of the most interesting predictions that 
have recently been made is that in the near 
future we may expect to see gliders driven by 
outboard motors. The Bureau of Aeronautics of 
the United States Department of Commerce is 
responsible for this prediction. We now have 
gliders and we also have outboard motors. If 
someone should put the two together it would 
not be surprizing. As gliders sell for as low as 
a htmdred dollars, and outboard motors for little 
more, this would give everyone a chance at avia- 
tion. In the past most of our planes have been 
designed primarily for military purposes. Our 
commercial planes have been copies of these. 
This has restricted the design and has also kept 
the planes much alike in size. Now that com- 
mercial aviation is becoming able to stand on its 
own feet, we may expect to see as much diversity 
of design here as we see in boats, for example, 
which range from the canoe up to lake steamers, 
freigliters, and ocean liners. There will be planes 
for many and various purposes, each with its 
characteristic design. 

In the matter of propulsion, much work is 
being done in the field of variable-pitch pro- 
pellers. Changes in operating conditions are rc- 
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fleeted in the efficiency of the airplane largely 
in the propeller pitch. If this can be varied to 
suit the changing conditions, it will add greatly 
to the operating efficiency. There is already 
much reason to believe that this problem has 
been solved by more than one individual. 

Flying Blind 

Plying has brought with it a host of new navi- 
gation instruments. All the old instruments, used 
for so many years on ships, have proved almost 
worthless for navigation of the air. Take the 
compass, for example. Because of the vibration 
of the plane, and often because of the lack of 
anything like an even keel, the magnetic com- 
pass is useless. This has led to the introduction 
of an entirely new instrument, the induction 
compass, which was made famous by the trans- 
atlantic flight of Colonel Lindbergh. This instru- 
ment depends, like the magnetic compass, on the 
earth’s magnetic field. Coils of wire turning in 
the earth’s field constitute a current generator. 
It is in fact a small dynamo using the earth’s 
field as magnetic poles instead of having, as in 
the usual dynamo, poles built into it. The 
amount of current generated in this way is made 
to depend on the direction of the airplane by 
varying the position of the brushes which col- 
lect the current generated. When one has chosen 
his direction the brushes are set to give Eero 
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current, and a variation to one side or the other 
of this direction will move the brushes so as to 
give either a positive or a negative value of 
current. Thus, once the direction has been 
chosen, one has only to keep the plane headed in 
such a way as to keep the needle of the instru- 
ment on zero to be sure that the direction he 
chose is being followed. Errors sometimes occur, 
however, owing to lack of uniformity in the 
earth’s magnetic field. 

To guide aviators on their course the radio 
beacon has recently come much into use. This 
may be of two types. In one a narrow beam 
of short-wave-length rays is focused and directed 
along the path to be followed. As long as the 
aviator is in this narrow beam he can hear the 
radio signals, but they are lost if he departs 
from it. In this way he is kept on the course. 
The other type uses two radio stations and the 
aviator is able to determine his position from 
the angle between these two beams as they reach 
him. Instruments now available do this for liim 
automatically, so that he knows his course at all 
times. It requires no ealculation on his part. 

But knowing his location is not enough. The 
aviator also must know at times how high he is, 
Tliis is often difficult or impossible to determine 
in night-flying or in fogs. For this reason alti- 
meters have been de^^sed. One of these operates 
by the interference of short radio waves, A wave 
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is sent to the ground, reflected, and combined 
■with the original "wave, -whieb is still being sent 
ont. Tbe condition of interference between these 
two waves, original and reflected, is made evi- 
dent by a change of intensity of the resultant 
audible signal. In this way the height above the 
earth is determined. This method operates best 
at high altitudes and is of little service in land- 
ing in the dark or fog. To meet this need an 
altimeter has been devised for low altitudes. 
It depends upon a differential capacity effect 
between a pair of metal plates on the fuselage 
and the earth. This device makes it possible to 
know the height accurately right up to within a 
few feet of landing. The radio beacon and the 
altimeter, together with other instruments neces- 
sary to flying, make it possible to fly blind. In 
tests it has been demonstrated that an experi- 
enced aviator can take off, fly over considerable 
distance, return to the original airfield, and land 
successfully without the aid of sight. We can 
now fly whoUy in the dark. 

The aviator can receive weather reports while 
in flight. Wliile he usually knows before taking 
off what weather to expect, the conditions some- 
times change greatly, even in half an hour. In 
this event the aviator is warned by interrupting 
his signal beacon. He then, by remote control, 
tunes in his radio receiver and gets the message 
intended for him. 
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In the last few years tremendous strides have 
been made in the development of airfield flood- 
lights and beacons. Lights of beam-candle-power 
ranging up into the millions are common. It is 
now generally agreed, however, that our main 
airways are lighted about as well as we can hope 
for in the present stage of lighting science. 
Recently much has been done with neon beacons 
in the hope of greater fog penetration with the 
red rays. For equal intensities of red and white 
light the red would be the more penetrating of 
the two. But white light can be produced in an 
arc which will contain as much red in addition 
to the other colors which go to make up white, 
as is contained in the ordinary neon lamp. Thus, 
until the neon lamp can be made much more 
powerful than it now is, it can offer little ad-- 
vantage in fog penetration. 

Metal Ships Lighter than Air 

The success of the German airship, the Oraf 
Zeppelin, has again turned the attention of the 
world to this type of transportation. Something 
of the disrepute into which the airship had 
fallen has been wiped away, the numerous acci- 
dents have been forgotten, and once more we 
are asldng, “What is the future of the lighter- 
than-air flying machine?” 

It is true that the lighter-than-air machine is 
a practical device in one sense of the word. The 
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Graf Zeppelin has demonstrated this in its 
round-the-Tvorld flight. And yet not very much 
improvement has been made in this machine as 
compared to its predecessors. Perhaps the only 
notable change has been in the fuel. This ship 
has adopted blau gas for fuel — a petroleum 
product which has a density about equal to that 
of air. Thus, as the gas is used up, the weight of 
the ship and contents does not vary. This makes 
it unnecessary to valve off the lifting gas as the 
fuel is used, as is necessary with heavier-than- 
air fuel, unless some other provision is made to 
overcome the decreased weight. In the United 
States dirigible, the Los Angeles, the same pur- 
pose is accomplished by condensing' the water 
vapor from the engine exhaust. This compen- 
sates for loss of weight due to the use of gas. 
Where blau gas is not available the Chaf Zep- 
pelin has successfully used other gases or com- 
binations of gases for its engines. 

One of the dangers of the lighter-than-air ship 
has been in the lifting gas. This has almost in- 
variably been hydrogen, which is very explosive 
when mixed with air. Only in the United States 
is there a supply of another and safer gas, 
helimn, which can be successfully used as a sub- 
stitute. As it does not appear likely that helium 
will ever be found anywhere in great quantities, 
the dirigibles may have to depend on hydrogen 
gas if many of them are built, in which case they 
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■nrould alvf-ays be faced -witb the danger of ex- 
plosion. 

Another great drawbaet in the ease of the 
dirigible is its slow speed. This varies from 50 
to 100 miles an hour. Normally one takes to the 
air to gain time, and it is obvious that, at least 
in overland flight, nothing could be gained over 
our usual train service. Over long water dis- 
tances there is some advantage in time, as has 
been demonstrated by the Graf Zeppelin. This 
ship was built apparently with the thought that 
this was the only commercial possibility open to 
such a craft. It still does not appear to be 
feasible to establish a regular schedule, however. 

Perhaps the most interesting development in 
lighter-than-air machines, from the purely scien- 
tific viewpoint, is the all-metal dirigible. It has 
been possible to build a ship of all metal that is 
but slightly heavier than the fabric ships. The 
metal is called alclad. It is an aluminum aUoy 
which, in practise, is coated with a thin layer of 
aluminum. The aluminum coating resists corro- 
sion better than the alloy. The new United States 
Navy ship, the ZUC-2, is built of alclad fabri- 
cated in sheets 0.0095 of an inch in thickness — 
about three times as thick as a sheet of news- 
paper. 

The use of this metal makes for simplification 
of construction. It will stand considerable longi- 
tudinal stress and consequently many braces and 
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tie-mres can be eliminated from tbe usual de- 
sign. The main frame consists of simple hoops of 
an aluminum alloy, "which are lightened by a 
cellular construction. 

In the past the great advantage of the dirigible 
has been in the number of passengers it could 
carry. But now its passenger-carrying record has 
been equaled by the airplane. It is difficult to 
see, then, just what the future has in store for 
the Zeppelin type of airship ; but it will doubt- 
less make a place for itself. Man has the satisfac- 
tion, at least, of knowing that he can build such 
machines, that he can conquer the air in more 
ways than one. 
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